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Description 

[0001] This application is based on patent applica- 
tions Nos. 2000-99599 Pat. and 2000-99699 pat. both 
filed in Japan, the contents of which are hereby incor- 
porated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a multi-layer 
display panel (layered type display panel) including a 
plurality of panel elennents layered together. 
[0003] Also, the invention relates to a method of man- 
ufacturing a nnulti-layer display panel. 
[0004] Further the invention relates to a holding de- 
vice for holding a multi-layer display panel, which can 
be used in ihe method of manufacturing the multi-layer 
display panel. 

[0005] Further the invention relates to a pressure- 
bonding jig to be used for mounting a driver element to 
a substrate, which can be used in the method of manu- 
facturing the multi-layer display panel. 
[0006] Further the invention relates to a method of 
mounting a driver element, which can be used in the 
method of manufacturing the multi-layer display panel. 

Description of the Background Art 

[0007] Display panels such as a liquid crystal display 
panel, an electro-luminescence (EL) display panel and 
a plasma display panel (PDP) have been known. In re- 
cent years, the liquid crystal display panels, EL display 
panels, and PDPs have been used in many cases in- 
stead of CRTs. 

[0008] A multi-layer display panel including a plurality 
of display panels (panel elements) layered together has 
been proposed for color display. In the multi-layer dis- 
play panel, neighboring panel elements are usually ad- 
hered together by an adhesive. 

[0009] In either the single-layer display panel formed 
of only one panel element or the multi-layer display pan- 
el including the plurality of panel elements layered to- 
gether, each panel element is connected to a driver de- 
vice for driving the panel element. 
[0010] For driving the panel element by the driver de- 
vice, each of a substrate of the panel element is provid- 
ed with an electrode. The electrode on the panel ele- 
ment substrate is usually connected to a driver element 
(e.g., driver IC) of the driver device. For example^ a con- 
trol portion (control unit) of the driver device applies a 
voltage to the electrode of the panel element via the driv- 
er element for driving the panel element to perfonn dis- 
play 

[0011] The driver element is, for example, mounted 
directly on the substrate of the panel element, and is 
directly connected to the electrode on the panel element 



substrate. When directly mounting the driver element on 
the panel element substrate, a junction substrate for 
connecting the driver element to the control portion of 
the driver device is usually connected to the panel ele- 

5 ment substrate. 

[0012] In some cases, a driver element carrier sub- 
strate, which carries the driver element, such as a TCP 
(Tape Carrier package) is connected to the panel ele- 
ment substrate for connecting the electrode on the panel 

10 . element substrate to the driver element on the driver el- 
ement carrier substrate. 

[0013] When producing the display panel having only 
one panel element, producing steps are usually per- 
formed such that, after performing a step for forming the 

15 panel element, steps for mounting the driver element 
onto the panel element substrate and connecting the 
junction substrate are perfomned, or a step for connect- 
ing the driver element carrier substrate to the panel el- 
ement substrate is performed. 

20 [0014] However, a manner of mounting the driver el- 
ement and others has not been proposed in connection 
with the manufacturing of the multi-layer display panel 
including the plurality of panel elements layered togeth- 
er 

25 [0015] For manufacturing the multi-layer display pan- 
el, it may be envisaged that the operation such as driver 
element mounting is perfomned after overlaying the pan- 
el elements together 

[0016] However, this manner may result in such a sit- 

30 uation that the mounting surface, onto which the driver 
element is to be mounted, of the panel element sub- 
strate is hidden by the other panel element because the 
plurality of panel elements are layered in the multi-layer 
display panel. Further, the connection surface, to which 

35 the junction substrate is to be connected, of the panel 
element substrate may be hidden by the other panel el- 
ement. If hidden, it is extremely difficult to perform 
mounting of the driver elements and connection of the 
junction substrate. 

40 [0017] For producing the multi-layer display panel, it 
may be envisaged to employ such a manner that the 
driver element is mounted onto each panel element be- 
fore overiaying the panel elements, and the junction 
substrate is connected to each panel element before 

45 overiaying the panel elements. 

[0018] However, according to the above manner, bub- 
bles may remain between the neighboring panel ele- 
ments when overiaying and adhering the neighboring 
panel elements. This is because that the driver !C and 

50 junction substrate, which are already mounted and con- 
nected to the panel element, impede employment of a 
manner of preventing remaining of bubbles between the 
panel elements. 

[0019] The above disadvantage occurs not only when 
55 directly mounting the driver IC onto the panel element 
substrate in the multi-layer display panel but also when 
connecting the driver element cannier substrate carrying 
the driver element to the panel element substrate. 
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SUMMARY OF THE INVENTION 

[0020] An object of the invention is to provide a nnulti- 
layer display panel, in which an operation such as driver 
elennent nnounting (e.g., mounting of a driver element 
onto a panel element substrate, connection of a junction 
substrate to the panel element substrate and/or connec- 
tion of a driver element carrier substrate carrying the 
driver element to the panel element substrate) can be 
perfomned easily. 

[0021] Another object of the Invention is to provide a 
multi-layer display panel, in which the operation such as 
driver element mounting can be easily performed after 
overlaying panel elements. 

[0022] Still another object of the invention is to provide 
a method of manufacturing a multi-layer display panel, 
in which the operation such as driver element mounting 
can be performed easily. 

[0023] Further another object of the invention Is to 
provide a method of manufacturing a multi-layer display 
panel, in which the operation such as driver element 
mounting can be easily perfomned after overlaying panel 
elements. 

[0024] A further object of the invention Is to provide a 
holding device, which can be used for holding a multi- 
layer display panel when performing the operation such 
as driver element mounting in a process of manufactur- 
ing the multi-layer display panel. 

[0025] A further object of the invention is to provide a 
holding device, which can hold a multi-layer display pan- 
el for facilitating the operation such as driver element 
mounting in a process of manufacturing the multi-layer 
display panel. 

[0026] A further object of the invention is to provide a 
pressure-bonding jig, which can be utilized for mounting 
a driver element in a process of manufacturing a multi- 
layer display panel. 

[0027] A further object of the invention is to provide a 
pressure-bonding jig (compressing bonding jig), which 
allows mounting of a driver element to a panel element 
substrate while suppressing breakage of an electrode 
of the pane! element substrate in a process of manufac- 
turing a multi-layer display panel. 
[0028] A further object of the invention is to provide a 
pressure-bonding jig, which allows mounting of a driver 
element to a substrate while suppressing breakage of 
an electrode on the substrate. 

[0029] A further object of the invention is to provide a 
driver element mounting method, in which mounting of 
a driver element can be performed easily and reliably 
when manufacturing a multi-layer display panel. 

(1) MULTI-LAYER DISPLAY PANEL 

[0030] The invention provides a multi-layer display 
panel having a plurality of pane! elements layered to- 
gether. Each of the panel elements has first and second 
substrates opposed to each other. A column electrode 



is formed on an electrode formation surface of the first 
substrate of each of the panel elements. The electrode 
formation surface of the first substrate of the panel ele- 
ment is opposed to the second substrate of the same 

5 panel element. A row electrode is formed on an elec- 
trode fonnation surface of the second substrate of each 
of the panel elements. The electrode formation surface 
of the second substrate of the panel element is opposed 
to the first substrate of the same panel element. The first 

10 substrate of each of the panel elements has an overlap 
portion overlapping with the other substrates, and acon- 
nection portion extending from the overiap portion and 
used for connecting the column electrode on the first 
substrate to a driver element. The second substrate of 

15 each of the panel elements has an overlap portion over- 
lapping with the other substrates, and a connection por- 
tion extending from the overiap portion and used forcon- 
necting the row electrode on the second substrate to a 
driver element. 

20 

(1-1) In an aspect of the invention, the multi-layer 
display panel has three, i.e., first, second and third 
panel elements layered together. The first, second 
and third panel elements are overlaid together to 
25 locate: 

the first substrate of the first panel element, 
the second substrate of the first panel element, 
the second substrate of the second panel ele- 

30 ment, 

the first substrate of the second panel element, 
the first substrate of the third panel element and 
the second substrate of the third panel element 
in this order. With respect to the center defined 

35 by the lap-over portion where the first, second 

and third panel elements are overiapping to 
each other, 

an extending direction of the connection portion 
of the first substrate of the first panel element, 
40 an extending direction of the connection portion 

of the second substrate of the first panel ele- 
ment 

(= an extending direction of the connection por- 
tion of the second substrate of the second panel 
45 element), 

an extending direction of the connection portion 
of the first substrate of the second panel ele- 
ment 

(= an extending direction of the connection por- 
50 tlon of the first substrate of the third panel ele- 

ment), and 

an extending direction of the connection portion 
of the second substrate of the third panel ele- 
ment are angulariy shifted in this order by 90 
55 degrees. 

(1-2) In another aspect of the invention, the multi- 
layer display panel has two, i.e., first and second 
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panel elements layered together With respect to 
the center defined by the lap-over portion where the 
first and second panel elements are overlapping to 
each other, 

an extending direction of the connection portion 
of the substrate, arranged at outer side, of the 
first panel element, 

an extending direction of the connection portion 
of the substrate, arranged at inner side, of the 
first pane! element 

(= an extending direction of the connection por- 
tion of the substrate, arranged at inner side, of 
the second panel element), and 
an extending direction of the connection portion 
of the substrate, arranged at outer side, of the 
second panel element are angularly shifted in 
this order by 90 degrees. 

(1-3) Instill anotheraspectof the invention, the mul- 
ti-layer display panel has two, i.e., first and second 
panel elements layered together. With respect to 
the center defined by the lap-over portion where the 
first and second panel elements are overlapping to 
each other, 

an extending direction of the connection portion 
of the first substrate of the first panel element, 
an extending direction of the connection portion 
of the second substrate of the first panel ele- 
nnent, 

an extending direction of the connection portion 
of the first substrate of the second panel ele- 
nnent and 

an extending direction of the connection portion 
of the second substrate of the second panel el- 
ement are angularly shifted by 90 degrees in a 
predetennined order. 

(2) METHOD OF MANUFACTURING A MULTI-LAYER 
DISPLAY 

[0031] The invention also provides a method of man- 
ufacturing a multi-layer display panel. 

(2-1) In an aspect of the invention, the manufactur- 
ing method includes a preparing step and a con- 
necting step. 

In the preparing step, a layered body including 
a plurality of panel elements layered together is pre- 
pared. Each of the panel elements of the layered 
body prepared in the preparing step includes a dis- 
play region portion, and at least one connection por- 
tion extending from the display region portion and 
having an external connection electrode formation 
surface provided with an external connection elec- 
trode. The display region portions of the respective 
panel elements overiap with each other in the lay- 



ered body prepared in the preparing step. The ex- 
ternal connection electrode formation surface of the 
connection portion of each panel element is not hid- 
den by any the other connection portion in the lay- 
5 ered body prepared in the preparing step. 

In the connecting step, a wiring substrate pro- 
vided with an electrode is connected to the connec- 
tion portion of each of the panel elements, respec- 
tively, for connecting the electrode of the wiring sub- 
10 strate to the external connection electrode of the 
connection portion of the panel element. The con- 
necting step is perfonned after the preparing step. 
(2-2) In another aspect of the invention, the manu- 
facturing method comprises a panel element form- 
es ing step, an overiaying step and an after cut step. 

In the panel element forming step, each of the 
panel elements are formed using a first substrate 
provided with a column electrode at an electrode 
formation surface and a second substrate provided 
20 with a row electrode at an electrode fonnation sur- 
face. 

[0032] In the overiaying step, the panel elements 
formed In the panel element forming step are overiaid 
25 together. 

[0033] In the after cut step^ at least one unnecessary 
portion Is removed from each of the first and second 
substrates of each of the overiaid panel elements. 
[0034] In the panel element forming step, as each of 

30 the first substrates, a substrate having an overiap por- 
tion finally overiapping with the other substrates, and 
four extending portions extending from the overiap por- 
tion in four directions angulariy shifted by 90 degrees is 
used for forming the panel element. 

35 [0035] In the panel element forming step, as each of 
the second substrates, a substrate having an overiap 
portion finally overiapping with the other substrates, and 
four extending portions extending from the overlap por- 
tion In four directions angulariy shifted by 90 degrees is 

40 used for forming the panel element. 

[0036] The after cut step is executed to remove at 
least one extending portion, as the unnecessary portion, 
among the four extending portions of the first substrate 
except for the extending portion to be used as a con- 

45 nection portion used for connecting the column elec- 
trode on the first substrate to a driver element. 
■ [0037] The after cut step is also executed to remove 
at least one extending portion, as the unnecessary por- 
tion, among the four extending portions of the second 

50 substrate except for the extending portion to be used as 
a connection portion used for connecting the row elec- 
trode on the second substrate to a driver element. 

(3) HOLDING DEVICE 

55 

[0038] The invention also provides a holding device 
for holding a multi-layer display panel including a plural- 
ity of panel elements layered together. 
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[0039] In the multi-layer display panel held by the 
holding device, each of the panel elements has a pair 
of substrates. The multi-layer display panel has a lap- 
over portion where the panel elements are overlapping 
to each other, and a projected portion, projected from 5 
the lap-over portion, of the substrate of the panel ele- 
ment. 

[0040] The holding device is used when mounting a 
driver element onto the projected portion of the sub- 
strate of the panel element or when connecting a third 
substrate to the projected portion of the substrate of the 
panel element. 

[0041] The holding device comprises a holding jig 
having a first surface for laying the projected portion of 
the substrate of the panel element thereon, a second ^5 
surface for laying the lap-over portion of the multi-layer 
display panel thereon, and a stepped portion formed be- 
tween the first and second surfaces. 
[0042] In the holding device, the stepped portion has 
a height equal to or larger than a maximum height, in- 
eluding a manufacturing error of the multi-layer display 
panel, between a surface, directly laid on the first sur- 
face of the holding jig, of the multi-layer display panel 
and a surface, directly laid on the second surface of the 
holding jig, of the multi-layer display panel. 

(4) PRESSURE-BONDING JIG (COMPRESSION 
BONDING JIG) 

[0043] The invention also provides a pressure-bond- 
ing jig to be used for mounting a driver element having 
a bump onto a substrate. 

[0044] The pressure-bonding jig comprises a pres- 
sure-bonding base member to be disposed at a back 
side of the substrate. The back side is opposite to a side, 
onto which the driver element is to be mounted, of the 
substrate. 

[0045] In the pressure-bonding jig, the pressure- 
bonding base member has a raised portion in a position 
to be opposed to the bump of the driver element. 

(5) METHOD OF MOUNTING DRIVER ELEMENTS 

[0046] The invention also provides a method for 
mounting driver elements in overiapping positions on 
two substrate surfaces, respectively. 
[0047] The method comprises: 

a provisional adhering step of provisionally adher- 
ing at least one of the driver elements to the sub- 
strate surface; and 

a complete adhering step of simultaneously and 
completely adhering the two driver elements to the 
substrate surfaces. 

[0048] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 



scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] 

Fig. 1 (A) is a schematic perspective view of an ex- 
ample of a multi-layer liquid crystal display panel 
(multi-layer LCD panel) according to the invention, 
in which three panel elements are layered, viewed 
from a front side, and Fig. 1(B) is a schematic per- 
spective view of the LCD panel viewed from a back 
side; 

Fig. 2(A) is a schematic plan showing the front side 
of the multi-layer LCD panel shown in Fig. 1(A), and 
Fig. 2(B) is a schematic plan showing the back side 
of the LCD panel; 

Fig. 3(A) is a schematic cross section of the multi- 
layer LCD panel taken along line 3A-3A in Fig. 2(A), 
and Fig. 3(B) is a schematic cross section of the 
LCD panel taken along line 3B-3B; 
Fig. 4 is a plan of the multi-layer LCD panel in Fig. 
1(A), and shows a display region (display region 
portion); 

Fig. 5 is a schematic block diagram showing an ex- 
ample of a driver device; 

Fig. 6 is a schematic perspective view of the multi- 
layer LCD panel shown in Fig. 1(A) in a state that 
driver ICs are carried thereon; 
Fig. 7 is an exploded view of the multi-layer LCD 
panel shown in Fig. 1(A); 

Fig. 8 is a side view of the multi-layer LCD panel 
shown in Fig. 6 having a junction substrate in a fold- 
ed form; 

Fig. 9 is a schematic perspective view of another 
example of the multi-layer LCD panel according to 
the invention, in which three panel elements are lay- 
ered; 

Fig. 1 0 is a schematic cross section of still another 
example of the multi-layer LCD panel according to 
the invention , in which three panel elements are lay- 
ered; 

Fig. 11 is a schematic perspective view of yet an- 
other example of the multi-layer LCD panel accord- 
ing to the Invention, in which three panel elements 
are layered; 

Fig. 12(A) is a schematic perspective view showing, 
from a front side, an example of a multi-layer LCD 
panel according to the invention, in which two panel 
elements are layered, and Fig. 1 2(B) Is a schematic 
perspective view showing a back side of the LCD 
panel; 

Fig. 13(A) is a schematic perspective view showing, 
from a front side, another example of the multi-layer 
LCD panel according to the invention, in which two 
panel elements are layered, and Fig. 13(B) is a 
schematic perspective view showing a back side of 
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the LCD panel; 

Fig. 14(A) is a schematic perspeetive view showing, 
from a front side, still another example of the multi- 
layer LCD panel according to the invention, in which 
two panel elements are layered, and Fig. 1 4(B) is a 5 
schematic perspective view showing a back side of 
the LCD panel; 

Fig. 1 5 is a schematic block diagram of an example 
of a driver device; 

Fig. 1 6 is a flowchart schematically showing an ex- to 
ample of a method of manufacturing the multi-layer 
LCD panel according to the invention; 
Fig. 1 7 schematically shows an example of a proc- 
ess of forming a panel element; 

Fig. 1 8 schematically shows an example of a proc- ^5 

ess of overlaying panel elements; 

Fig. 1 9 shows an layering order of the substrates in 

the step of overlaying the panel elements; 

Fig. 20 shows portions to be removed in an after cut 

step; 

Fig. 21 shows substrates subjected to half -cut; 
Fig. 22 shows another example of a substrate con- 
figuration used in the panel element forming step; 
Fig. 23 shows alignment marks provided on a con- 
nection portion of the substrate; ^5 
Figs. 24(A) - 24(C) show a manner of mounting a 
driver IC using an ACF; 

Fig. 25 is a schematic cross section showing an ex- 
ample of a holding device and a holding jig accord- 
ing to the invention; 50 
Fig. 26 shows a state of an multi-layer LCD panel 
held by the holding jig in Fig. 25 with a relationship 
of Ds>Dp; 

Fig. 27 shows a state of an multi-layer LCD panel 
held by the holding jig in Fig. 25 with a relationship 35 
of Ds<Dp; 

Fig. 28(A) shows a state, in which a panel element 
substrate is curved due to its own curling property, 
Fig. 28(B) shows a state, in which a pushing mem- 
ber of the holding device pushes and holds the sub- "^o 
strata, and Fig. 28(C) is a schematic plan of the 
pushing member; 

Fig. 29 shows a multi-layer LCD panel, which has 
connection portions extending in the same extend- 
ing direction and adhered to each other by an ad- ^5 
hesive, set on the holding jig shown in Fig. 25; 
Fig. 30 is a schematic cross section of other exam- 
ples of the holding device and holding jig according 
to the invention; 

Figs. 31 (A) and 31 (B) show a state, in which a bump so 
of a driver IC breaks an electrode on a substrate; 
Fig. 32(A) shows rounded bumps of the driver IC, 
and Fig. 32(B) shows a mounted state of the driver 
IC in Fig. 32(A); 

Figs. 33(A) and 33(B) show a state, in which a driver 55 
IC is mounted using a pressure-bonding base mem- 
ber according to the Invention; 
Fig. 34 shows a state, in which an electrode is 



formed on a convex surface side of a substrate 

curved due to its own curling property; 

Figs. 35(A) - 35(C) show a state, in which driver iCs 

are mounted on two substrate connection portions 

extending in the same direction, and the driver ICs 

are located in positions overlapping to each other; 

and 

Fig. 36 shows a state, in which driver ICs are mount- 
ed on two substrate connection portions extending 
in the same direction, and the driver ICs are located 
in positions not overiapping to each other. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[1] MULTI-LAYER DISPLAY PANEL 

[0050] In the following description, three types of mul- 
ti-layer display panels, i.e., first, second and third types 
of multi-layer display panels are presented. 
[0051 ] First of all, description will be given on matters 
common to the first, second and third types of multi-layer 
display panels. Thereafter, description will be given on 
features of each type of multi-layer display panel. 
[0052] The multi-layer display panel of any type has 
a plurality of panel elements (panel cells), which are lay- 
ered together. The multi-layer display panel of the first 
type has three panel elements layered together The 
multi-layer display panel of the second or third type has 
two panel elements layered together. 
[0053] For preventing shifting of positions, the neigh- 
boring panel elements may be adhered together by an 
adhesive such as a adhesive film, double-sided adhe- 
sive tape or liquid adhesive. If the neighboring panel el- 
ements are adhered to eliminate an air layer therebe- 
tween, an amount of transmitted light increases and the 
display quality is improved. The plurality of panel ele- 
ments layered together may be held, e.g., by a holding 
member for preventing shifting of positions thereof. 
[0054] The panel element may be, e.g. , an liquid crys- 
tal display panel (LCD panel) of light transmission type, 
an LCD panel of light reflection type, an organic electro- 
luminescence display panel (organic EL display panel), 
an inorganic electro-luminescence display panel (inor- 
ganic EL display panel) or a plasma display panel 
(PDP). 

[0055] In any types of multi-layer display panels, all 
the panel elements may be of the same kind, or may be 
of different kinds. In any one of the foregoing types, the 
multi-layer display panel may have a plurality of, e.g., 
the LCD panels of the light reflection type layered to- 
gether. In the first type of multi-layer display panel hav- 
ing three panel elements layered together, these three 
panel elements may be panel elements for display in 
red, green and blue. This enables full-color ormulti-color 
display. 

[0056] In any types of multi-layer display panels, each 
of the panel elements has a pair of substrates, i.e., first 
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and second substrates. In the panel elements, the first 
and second substrates are opposed to each other with 
a predetennined space therebetween. The substrate 
nnay be a resin substrate, a glass substrate or others. 
The resin substrate nnay take afilmfornn orasheetfornn. 
Employment of the resin film substrate(s) as the first 
and/or second substrate can reduce a whole thickness 
and a weight of the multi-layer display panel. The ma- 
terial for the resin substrate may be, e.g., polyethersul- 
fone (PES), polycarbonate (PC), polyethylene tereph- 
thalate (PET), polyarylate (PA), polyether ether ketone 
(PEEK), acrylics(PMMA) or ABS. 
[0057] In each of the panel element, a column elec- 
trode is fonrted on the first substrate, and a row elec- 
trode is formed on the second substrate. These column 
and row electrodes are provided for driving the panel 
element to perform display. In the following description, 
the first substrate carrying the column electrode may be 
referred to as a "column substrate". The second sub- 
strate carrying the row electrode may be referred to as 
a "row substrate". 

[0058] The column substrate (first substrate) may be 
provided with an insulating layer, an orientation film and/ 
or other iayer(s) in addition to the column electrode, if 
necessary. Likewise, the row substrate (second sub- 
strate) may be provided with an insulating layer, an ori- 
entation film and/or other layer(s) in addition to the row 
electrode, if necessary. 

[0059] The column electrode may include, e.g., a plu- 
rality of belt-like electrodes (belt-like electrode portions), 
which are parallel to each other, and are arranged at 
least in a display region with predetermined pitches. 
Likewise, the row electrode may include, e.g., a plurality 
of belt-like electrodes, which are parallel to each other, 
and are arranged at least in the display region with pre- 
detennined pitches. For example, the belt-like elec- 
trodes forming the column electrode and the belt-like 
electrodes forming the row electrode may be perpendic- 
ular to each other to fomn a so-called matrix structure. 
[0060] The column and row electrodes (X-electrode 
and Y-e!ectrode) may be provided, e.g., for performing 
simple matrix drive of the panel element. 
[0061] The column and row electrodes may be pro- 
vided for performing active matrix drive using, e.g., MIM 
(Metal Insulator Metal) elements. In this case, one of the 
column and row electrodes (belt-like electrodes forming 
the column or row electrode) may be connected to a plu- 
rality of MIM elements, and the belt-like electrodes of 
the other electrode may be arranged in the positions op- 
posed to the respective MIM elements. The MIM ele- 
ments may be formed on the substrate, which carries 
the electrode connected to the MIM elements. 
[0062] The column and row electrodes may be pro- 
vided for performing, e.g. , 7-segment display or charac- 
ter display, 

[0063] One of the column and row electrodes may be 
utilized as a so-called data electrode (signal electrode), 
and the other may be utilized as a so-called scanning 



electrode. 

[0064] In any cases, the column electrode is formed 
on one of two surfaces of the column substrate (first sub- 
strate) of the panel element, and particularly on the sur- 

5 face opposed to the row substrate (second substrate) 
of the same panel element. Likewise, the row electrode 
is formed on one of two surfaces of the row substrate 
(second substrate) of the panel element, and particular- 
ly on the surface opposed to the column substrate (first 

10 substrate) of the same panel element. 

[0065] The column electrode is to be connected to 
one or more driver element(s) for driving the panel ele- 
ment. Likewise, the row electrode is to be connected to 
one or more driver element(s) for driving the pane! ele- 

15 ment. The driver element may be, e.g., a driver IC. 
[0066] Each of the driver elements to be connected to 
the column electrode and the row electrode is a part of 
a driver device for driving the panel element. I n addition 
to the driver element, the driver device may have, e.g., 

20 a control portion (control unit) for controlling driving of 
the driver element. The driver device having driver ele- 
ments, which are to be connected to the column elec- 
trode and the row electrode, respectively, may be con- 
figured to drive the whole multi-layer display panel or to 

25 drive the panel element independently of the other panel 
element(s). 

[0067] The column electrode may be connected, e.g. , 
directly to the driver element on the column substrate 
carrying this column electrode. More specifically, the 

30 driver element may be directly mounted on the column 
substrate, and may be directly connected to the column 
electrode on the column substrate. Similarly, the row 
electrode may be directly connected to the driver ele- 
ment on the row substrate. In the case where the driver 

35 element is directly mounted on the column or row sub- 
strate of the panel element, a junction substrate or the 
like may be additionally connected to the panel element 
substrate for connecting the driver element mounted on 
the panel element substrate to the control portion of the 

40 driver device. 

[0068] The column electrode may be indirectly con- 
nected to the driver element by connecting a driver ele- 
ment carrier substrate, which carries the driver element 
(s), such as a TCP (Tape Carrier Package) to the column 

45 substrate. Similarly, the row electrode may be indirectly 
connected to the driver element by connecting the driver 
element carrier substrate to the row substrate. In the 
case where the driver element carrier substrate is con- 
nected to the substrate of the panel element, a junction 

50 substrate may be connected to the driver element car- 
rier substrate for connecting the driver element on the 
driver element carrier substrate to the control portion of 
the driver device. Alternatively, the driver element carri- 
er substrate may be directly connected to the control 

55 portion of the driver device without interposing the junc- 
tion substrate therebetween. 

[0069] In any types of multi-layer display panels, the 
plurality of layered panel elements (three panel ele- 
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ments in the first type, two panel elements in the second 
and third types) are overlaid partially (not entirely) with 
each other. In the multi-layer display panel, at least a 
portion (typically, a majority) ot a lap-over portion, where 
all the panel elements are overlapping to each other, of 
the multi-layer display panel may be utilized as a display 
region (display region portion). The lap-over portion 
where the panel elements are overlapping to each other 
may be typically rectangular. The display region may be 
JyfiiGaJj,yjrggtajjgL^^ 

[0070] More specifically, in any types of multi-layer 
display panels, each column substrate (first substrate) 
provided with the column electrode has an overlap por- 
tion overlapping with all the other substrate, and each 
row substrate (second substrate) provided with the row 
electrode has an overlap portion overlapping with all the 
other substrate. 

[0071] Inthefirsttypeof multi-layer display panel hav- 
ing three layered panel elements, the overlap portion of 
the column substrate overlaps with other five substrates 
(other two column substrates and three row substrates). 
The overlap portion of the row substrate overlaps with 
other five substrates (otherthree column substrates and 
two row substrates). 

[0072] In the second and third types of multi-layer dis- 
play panels each having the two layered panel ele- 
ments, the overlap portion of the column substrate over- 
taps with other three substrates (other one column sub- 
strates and two row substrates). The overiap portion of 
the row substrate overlaps with other three substrates 
(other two column substrates and one row substrates). 
[0073] In any types of multi-layer display panels, each 
of the column substrates has, in addition to the overlap 
portion, a connection portion extending in a predeter- 
mined extending direction from its overiap portion for 
connecting the column electrode to the driver element. 
[0074] The connection portion of the column sub- 
strate may be utilized as follows. In the case where the 
driver element is to be directly mounted on the column 
substrate, this driver element is to be mounted on the 
connection portion of the column substrate for connect- 
ing the column electrode to the driver element on the 
column substrate. In the case where the driver element 
Is not to be directly mounted on the column substrate, 
and the driver element carrier substrate, carrying the 
driver element, is to be connected to the column sub- 
strate, this driver element carrier substrate is to be con- 
nected to the connection portion of the column substrate 
for connecting the column electrode on the column sub- 
strate to the driver element on the driver element carrier 
substrate. In the case where the driver element is not to 
be directly mounted on the column substrate, and a 
junction substrate not carrying the driver element is to 
be connected to the column substrate, this junction sub- 
strate is to be connected to the connection portion ot the 
column substrate for connecting the column electrode 
on the column substrate to the driver element in the po- 
sition other^thannhe-^column -substrate via the junction 



substrate. 

[6675] Likewise, in any types of multi-layer display 
panels, each of the row substrates has, in addition to 
the overiap portion, a connection portion extending in a 
5 predetermined extending direction from its overiap por- 
tion for connecting the row electrode to the driver ele- 
ment. 

[0076] The extending direction in which the connec- 
tion portion of the column substrate extends from the 

J0„ jpy^erlap. portion may be parallel, e.g., to the direction in 

^^vWcpTthecolufn^^ 

gion. Likewise, the extending direction in which the con- 
nection portion of the row substrate extends from the 
overiap portion may be parallel, e.g., to the direction in 

15 which the row electrode extends in the display region. 
[0077] The connection portion of the column sub- 
strate is provided at its column electrode formation sur- 
face with an electrode pattern for connecting the column 
electrode to the driver element. In the case where the 

20 driver element is to be mounted directly on the column 
substrate, this electrode pattern may be configured, e. 
g., fortransfomning the column electrode pitch in the dis- 
play region to an output lead pitch of the driver element. 
Likewise, the connection portion of the row substrate is 

25 provided at its row electrode fonnation surface with an 
electrode pattern for connecting the row electrode to the 
driver element. 

[0078] The connection portion of the column elec- 
trode does not overiap with all the other substrates. Like- 
30 wise, the connection portion of the row electrode does 
not overlap with all the other substrates. Each of the con- 
nection portions of the column and row substrates may 
overiap with one or more other substrate(s) but not all 
of them. 

35 [0079] The column substrate and the row substrate of 
the same panel element overiap only partially with each 
other The overiap portion of the column substrate of the 
panel element (i.e., the column substrate portion over- 
lapping with all the other substrates including the sub- 

40 strates of the other panel element(s)) is at least a portion 
(typically, a whole or major portion) of the portion over- 
lapping with the row substrate of the same panel ele- 
ment. Likewise, the overiap portion of the row substrate 
of the panel element (i.e., the row substrate portion over- 

45 lapping with all the other substrates including the sub- 
strates of the other panel element(s)) is at least a portion 
(typically, a whole or major portion) of the portion over- 
lapping with the column substrate of the same panel el- 
ement. 

50 [0080] The column substrate and the row substrate of 
the same panel element may be rectangular, and may 
be overiaid to form an L-shaped form. In this case, a 
portion, not overiapping with the row substrate, of the 
column substrate may be utilized as the connection por- 

55 tion for connection to the driver element, and a portion, 
not overiapping with the column substrate, of the row 
substrate may be utilized as the connection portion for 
connectioa,tothe,xdriver element. ^ 
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[0081] The column and row substrates of the same 
panel element may be, e.g., rectangular, and may be 
overlaid to form a cross ("+" fomn). In this case, one of 
the two spaced portions, not overlapping with the row 
substrate, of the column substrate may be utilized as 
the connection portion, and one of the two spaced por- 
tions, not overlapping with the column substrate, of the 
row substrate may be utilized as the connection portion. 
In this case, however, the other portion between the two 
portions, not overlapping with the row substrate, of the 
column substrate, and thus the portion not utilized as 
the connection portion may have a width, which is re- 
stricted as will be described later. Likewise, the other 
portion between the two portions, not overlapping with 
the column substrate, of the row substrate, and thus the 
portion not utilized as the connection portion may have 
a width, which Is restricted as will be described later. 
[0082] In any types of mutti-layer display panels, the 
connection portions of the column and row substrates 
of the same panel element extend in the directions form- 
ing an angle of 90 degrees therebetween with respect 
to a center defined by the tap-over portion where all the 
panel elements are overlapping to each other. 
[0083] In the following description, the extending di- 
rection in which the connection portion of the column or 
row substrate extends with respect to the center defined 
by the lap-over portion, where all the panel elements are 
overiapping to each other (i.e., where all the panel ele- 
ment substrates are overiapping to each other), of the 
multi-layer display panel may be merely referred to as 
extending direction of the connection portion of the col- 
umn or row substrate. In other words, the extending di- 
rection of the connection portion of the column substrate 
is the direction in which this connection portion extends 
from the overlap portion of this column substrate. Like- 
wise, the extending direction of the connection portion 
of the row substrate is the direction in which this con- 
nection portion extends from the overiap portion of this 
row substrate. 

[0084] In any types of multi-layer display panels, fea- 
tures reside in a layering order of the column and row 
substrates of each panel element, and the extending di- 
rection of the connection portion of each substrate of 
each panel element. 

[0085] Description is now given below, type by type 
basis, on the first, second and third types of multi-layer 
display panels. 

[1 -1 ] FIRST TYPE OF MULTI-LAYER DISPLAY PANEL 

[0086] The first type of multi-layer display panel has 
three, i.e., firsts second andthird panel elements layered 
together in this order. 

[0087] Either the first or third panel element may be 
disposed on an observation side. Thus, the first panel 
element among the three panel elements may be dis- 
posed nearest to the observation side, or may be dis- 
posed remotest from the obsery^ation side. In either 



case, the second panel element among the three panel 
elements is disposed in the middle position. 
[0088] In the first type of multi-layer display panel, the 
first, second and third panel elements are overiaid to lo- 
5 cate the column substrates (first substrates) and the row 
substrates (second substrates) of these panel elements 
in the following order. 

[0089] These substrates are aligned in the order of: 

10 the column substrate of the first panel element, 
the row substrate of the first panel element, 
the row substrate of the second panel element, 
the column substrate of the second panel element, 
the column substrate of the third panel element and 

15 the row substrate of the third panel element. 

[0090] That is, these substrates are aligned in the or- 
der of the column substrate, row substrate, row sub- 
strate, column substrate, column substrate and row sub- 
20 strate. When viewed from the opposite side, these sub- 
strates are aligned in the order of the row substrate, col- 
umn substrate, column substrate, row substrate, row 
substrate and column substrate. 

[0091] Thus, the neighboring two substrates of the 
25 neighboring two panel elements are both the row sub- 
strates or the column substrates. 

[0092] In the first type of multi-layer display pane! , the 
neighboring two substrates of the neighboring two panel 
elements have the connection portions of the same ex- 

30 tending direction. 

[0093] More specifically, the extending direction of the 
connection portion of the row substrate of the first panel 
element is the same as that of the connection portion of 
the row substrate ofthe second panel element. Also, the 

35 extending direction of the connection portion of the col- 
umn substrate of the second panel element is the same 
as that of the connection portion of the column substrate 
of the third panel element. 

[0094] In the first type of multi-layer display panel, 

40 

(1 ) the extending direction of the connection portion 
of the column substrate of the first panel element, 

(2) the extending direction of the connection portion 
of the row substrate of the first panel element 

45 (= the extending direction of the connection portion 
of the row substrate of the second panel element), 

(3) the extending direction of the connection portion 
of the column substrate of the second panel ele- 
ment 

50 (= the extending direction of the connection portion 

of the column substrate of the third panel element), 
and 

(4) the extending direction of the connection portion 
of the row substrate of the third panel element, 

55 are different to each other, and are angulariy shifted 

by 90 degrees in this order. 

[0095] Thus, the extending direction of the connection 
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portion of the column substrate of the first panel element 
is different from those of all the other connection por- 
tions of the substrates. Thereby, the connection portion 
of the column substrate of the first panel element can 
be exposed without overlapping with the other sub- 
strate. More specifically, the column electrode formation 
surface of the connection portion of the column sub- 
strate of the first panel element can be exposed. 
[0096] Likewise, the extending direction of the con- 
nection portion of the row substrate of the third panel 
element is different from those of all the other connec- 
tion portions of the substrates. Thereby, the connection 
portion of the row substrate of the third panel element 
can be exposed. More specifically, the row electrode for- 
mation surface of the connection portion of the row sub- 
strate of the third panel element can be exposed. 
[0097] The connection portions, neighboring to each 
other, of the row substrates of the first and second panel 
elements extend in the same direction, but it is possible 
to expose the row electrode formation surfaces of the 
connection portions of the row substrates of the first and 
second panel elements because of the following rea- 
sons. Even if these connection portions extending in the 
same direction have the same width in their extending 
direction, the electrode formation surfaces of these con- 
nection portions can be exposed. 
[0098] This is owing to such a structure that the row 
substrate of the first panel element is formed on the row 
substrate surface opposed to the column substrate of 
the first panel element, and the row electrode of the sec- 
ond panel element is formed on the row substrate sur- 
face opposed to the column substrate of the second 
panel element. In other words, these row electrodes are 
not disposed between the row substrates of the first and 
second panel elements. 

[0099] For the similar reasons, the column electrode 
formation surfaces of the connection portions of the col- 
umn substrates of the second and third panel elements 
can be exposed although these connection portions ex- 
tend in the same direction . Even if these connection por- 
tions extending in the same extending direction have the 
same width in their extending direction, the electrode 
formation surfaces of these connection portions can be 
exposed. 

[01 00] Thus, in the first type of multi-layer display pan- 
el, It is possible to expose all the electrode formation 
surfaces of the six connection portions of the first, sec- 
ond and third panel elements. 

[01 01 ] In the first type of multi-layer display panel, the 
electrode formation surface of the connection portion of 
each substrate of each panel element may be not fully 
hidden by the substrates of the other panel elements, 
and at least a portion (typically, a major or whole portion) 
of the electrode formation surface of the connection por- 
tion of each substrate of each panel element may be 
exposed. 

[0102] Thereby, in the case where the driver element 
is to be directly mounted on the electrode formation sur- 



face of the connection portion, the driver element can 
be easily mounted onto any one of the connection por- 
tions in a state that the first, second and third panel el- 
ements are already layered together. Repairing of the 
5 mounting of the driver element can be also performed 
easily. In this case, the junction substrate for connecting 
the driver element to the control portion of the driver de- 
vice can be also easily connected to the connection por- 
tion. Repairing of the connection of the junction sub- 
10 strate can be also perfomned easily. _ 

[0103] In the case where the driver element carrier 
substrate carrying the driver element such as a TCP is 
to be connected to the connection portion of the panel 
element substrate, this connection can be easily per- 
15 formed in the state that the three panel elements are 
already layered together. In any one of the connection 
portions, the connection of the driver element carrier 
substrate can be easily perfonned. Repairing of this 
connection can be also easily perfonmed. 
20 [0104] In the first type of multi-layer display panel, the 
width of each connection portion in its extending direc- 
tion is merely required to be of a minimum value re- 
quired, e.g., for mounting the driver element in spite of 
the fact that the electrode formation surfaces of all the 
25 connection portions of the substrates can be exposed. 
Consequently, a frame width can be small. 
[0105] One or more among the five substrates other 
than, e.g., the column substrate of the first panel ele- 
ment may be provided with one or more extending por- 
30 tion(s) extending from its overlap portion in the same 
direction as the extending direction of the connection 
portion of the column substrate of the first panel ele- 
ment, if the extending portion has such a width that the 
extending portion does not overiap with the whole con- 
35 nection portion of the column substrate of the first panel 
element, and more particularly, if the extending portion 
does not impede, e.g., the direct mounting of the driver 
element onto the connection portion of the column sub- 
strate of the first panel element. This is also true with 
^0 respect to the extending directions of the connection 
portions of the other substrates. The above is also true 
with respect to the second and third types of multi-layer 
display panels. 

45 [1-2] SECOND TYPE OF MULTI-LAYER DISPLAY 
PANEL 

[0106] The second type of multi-layer display panel 
has two, i.e., first and second panel elements layered 
50 together. 

[0107] As described below, the second type of multi- 
layer display panel has the same structure as the first 
type of multi-layer display panel except that the first or 
third panel element is eliminated. 
55 [0108] In the second type of multi-layer display panel, 
both inner substrates, arranged at inner side and neigh- 
boring to each other, of the first and second panel ele- 
ments are the first substrates (column substrates) car- 
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rying the column electrodes, or the second substrates 
(row substrates) carrying the row electrodes. 
[0109] More specifically, in the second type of nnulti- 
layer display panel, the four substrates of the first and 
second panel elements are layered in the following or- 
der. 

[0110] These four substrates may be layered in the 
order of 

the column substrate of the first panel element, 
the row substrate of the first panel element, 
the row substrate of the second panel element and 
the column substrate of the second panel element. 
In this case, the row substrate of the first panel el- 
ement and the row substrate of the second panel 
element are the inner substrates arranged at inner 
side, the column substrate of the first panel element 
and the column substrate of the second panel ele- 
ment are ouler subslrales arranged at outer side. 

[0111] Alternatively, these four substrates maybe lay- 
ered in the order of 

the row substrate of the first panel element, 
the column substrate of the first panel element, 
the column substrate of the second panel element 
and 

the row substrate of the second panel element. 

[0112] In the second type of multi-layer display panel, 
the extending direction of the connection portion of the 
inner substrate of the first panel element is the same as 
that of the connection portion of the inner substrate of 
the second panel element, similarly to the first type of 
multi-layer display panel. 

[0113] In the second type of multi-layer display panel, 
similarly to the first type of multi-layer display panel, 

(1) the extending direction of the connection portion 
of the outer substrate of the first panel element, 

(2) the extending direction of the connection portion 
of the inner substrate of the first panel element 

(= the extending direction of the connection portion 
of the inner substrate of the second panel element), 
and 

(3) the extending direction of the connection portion 
of the outer substrate of the second panel element, 
are different to each other, and are angularly shifted 
by 90 degrees in this order. 

[0114] Thereby, the electrode formation surface of the 
connection portion of each substrate can be exposed, 
similarly to the first type of multi-layer display panel. 
[01 15] In the second type of multi-layer display panel, 
similarly to the first type of multi-layer display panel, the 
electrode formation surface of the connection portion of 
each substrate of each panel element may be not fully 
hidden by the substrates of the other panel element, and 



at least a portion thereof (typically, a major or whole por- 
tion thereof) may be exposed. 

[0116] Thereby, in the case where the driver element 
is to be directly mounted on the electrode formation sur- 

5 face of the connection portion, the driver element can 
be easily mounted onto any one of the connection por- 
tions in a state that the first and second panel elements 
are layered together. The junction substrate can be also 
easily connected to the connection portion in the state 

10 that the first and second panel elements are layered to- 
gether. The driver element carrier substrate can be also 
easily connected to the connection portion in the state 
that the first and second panel elements are layered to- 
gether. Repairing of the operation such as the driver el- 

15 ement mounting can be also perfonned easily. 

[0117] In the second type of multi-layer display panel, 
similarly to the first type of multi-layer display panel, the 
width of each connection portion in its extending direc- 
tion is merely required to be of a minimum value re- 

20 quired, e.g., for mounting the driver element in spite of 
the fact that the electrode fomnation surfaces of all the 
connection portions of the substrates can be exposed. 
Consequently, a frame width can be small. 
[01 1 8] In the second type of multi-layer display panel, 

25 the connection portions of each substrate extend only 
in three directions so that the frame width and size can 
be further reduced. 

[1-3] THIRD TYPE OF MULTI-LAYER DISPLAY PANEL 

30 

[0119] The third type of multi-layer display panel has 
two, i.e., first and second panel elements layered to- 
gether. 

[0120] In the third type of multi-layer display panel, 

35 

(1 ) the extending direction of the connection portion 
of the column substrate of the first panel element, 

(2) the extending direction of the connection portion 
of the row substrate of the first panel element 

40 (3) the extending direction of the connection portion 
of the column substrate of the second panel ele- 
ment, and 

(4) the extending direction of the connection portion 
of the row substrate of the second panel element, 
45 are different to each other, and are angularly shifted 
by 90 degrees in a predetermined order. 

[0121] Thereby, in the third type of multi-layer display 
panel, the electrode formation surface of the connection 

50 portion of each substrate can be exposed, similariy to 
the first type of multi-layer display panel. 
[0122] In the third type of multi-layer display panel, 
similarly to the first type of multi-layer display panel, the 
electrode fomnation surface of the connection portion of 

55 each substrate of each panel element may be not fully 
hidden by the other substrates of the panel elements, 
and at least a portion thereof (typically, a major or whole 
portion thereof) may be exposed. 



11 

NSDOCID: <EP 1 139156A2J_> 



21 \ 



EP 1 139 156 A2 



22 



[01 23] Thereby, in the_case where the driver element 
is to be directly mounted on the electrode formation sur- 
face of the connection portion, the driver element can 
be easily mounted onto any one of the connection por- 
tions in a state that the first and second panel elements 
are layered together. The junction substrate can be also 
easily connected to the connection portion in the state 
that the first and second panel elements are layered to- 
gether. The driver element carrier substrate such as 
TCP can be also easily connected to the connection por- 
tion in the state that the first and second panel elements 
are layered together. Repairing of the operation such as 
the driver element mounting can be also perfonned eas- 
ily. 

[0124] In the third type of multi-layer display panel, 
similarly to the first type of multi-layer display panel, the 
width of each connection portion in its extending direc- 
tion is merely required to be of a minimum value re- 
quired, e.g., for mounting the driver element in spile of 
the fact that the electrode formation surfaces of all the 
connection portions of the substrates can be exposed. 
Consequently, a frame width can be small. 
[0125] In the third type of multi-layer display panel, 
both the inner substrates, neighboring to each other, of 
the first and second panel elements may be the column 
substrates, or may be the row substrates. Altematively, 
one of these inner substrates may be the column sub- 
strate, and the other may be the row substrate. 
[0126] More specifically, in the third type of multi-layer 
display panel, the four substrates may be selectively lay- 
ered in the following orders (a) - (d). 

(a) For example, the column substrate of the first 
panel element, the row substrate of the first panel 
element, the row substrate of the second panel el- 
ement and the column substrate of the second pan- 
el element are layered in this order. 

(b) The row substrate of the first panel element, the 
column substrate of the first panel element, the col- 
umn substrate of the second panel element and the 
row substrate of the second panel element are lay- 
ered in this order. 

(c) The column substrate of the first panel element, 
the row substrate of the first panel element, the col- 
umn substrate of the second panel element and the 
row substrate of the second panel element are lay- 
ered in this order. 

(d) The row substrate of the first panel element, the 
column substrate of the first panel element, the row 
substrate of the second panel element and the col- 
umn substrate of the second panel element are lay- 
ered in this order. 

[1 -4] FIRST, SECOND AND THIRD TYPES OF MULTI- 
LAYER DISPLAY PANEL 

[0127] (a) In any one of the first, second and third 
types of multi-layer display panels, the width of each 



connection portion in its extending direction may be 
equal to a minimum value required, e.g., for mouhtihg 
the driver element so that the frame width can be re- 
duced. 

5 [01 28] In the first or second type of multi-layer display 
panel having the connection portions extending in the 
same direction, these connection portions extending in 
the same direction may have the equal width in its ex- 
tending direction. Even if the connection portions ex- 

10. tending in the same direction have the same width, the 
electrode formation surfaces of these connection por- 
tions can be exposed as already described so that the 
operation such as driver element mounting can be easily 
performed. 

15 [0129] (b) In any one of the first, second and third 
types of multi-layer display panels, at least the overlap 
portions of the neighboring two substrates may be ad- 
hered together, e.g., by an adhesive. 
[01 30] In the first or second type of multi-layer display 
20 panel having the connection portions extending in the 
same direction, not only the overiap portions but also 
the connection portions of the neighboring two sub- 
strates may be adhered together. 
[0131] The adhesive may be adhesive film, double- 
ts sided tape, liquid adhesive or other. 

[0132] (c) In any one of the first, second and third 
types of multi-layer display panels, the first and second 
substrates (column and row substrates) may be formed 
of resin film substrates for reducing the width and 
30 weight, as already described. 

[0133] The resin film to be used as the substrate is 
usually wound around a reel or roll when stored, and is 
cut into a predetermined configurations for use as the 
substrate. Therefore, the resin film substrate may have 
35 curling property or habit due to the previous winding 
around the reel. 

[0134] If the resin film substrate used as the column 
substrate has the curling property, the column electrode 
may be fomned, e.g., on a convex surface side of the 

40 resin film column substrate. The convex surface side of 
the resin film column substrate is fomned when the resin 
film column substrate is curved due to its curling prop- 
erty. Likewise, if the resin film substrate used as the row 
substrate has the curling property, the row electrode 

45 may be formed, e.g., on the convex surface side of the 
resin film row substrate. The convex surface side of the 
resin film row substrate is formed when the resin film 
row substrate is curved by its curling property. The ad- 
vantages achieved by such formation of the electrode 

50 on the convex surface side of the substrate will be de- 
scribed later in connection with a method of manufac- 
turing the multi-layer display panel. 
[0135] (d) In any one of the first, second and third 
types of multi-layer display panels, the driver element 

55 may be directly mounted on the connection portion of 
the substrate, as already described. 
[0136] This driver element (e.g., driver IC) may be 
mounted using an anisotropic conductive adhesive such 
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as an ACF (Anisotropic Conductive Film) or anisotropic 
conductive paste. 

[0137] In the first or second type of multi-layer display 
panel having the connection portions of the sanne ex- 
tending direction, the driver elements may be mounted 
on the two connection portions extending in the same 
direction such that the driver element mounted on one 
of these connection portions is located in the position 
not overlapping with the driver element mounted on the 
other connection portion. Alternatively, the driver ele- 
ment mounted on one of the two connection portions 
extending in the same direction may be located in the 
position overlapping with the driver element mounted on 
the other connection portion. 

[0138] (e) In any one of the first, second and third 
types of multi-layer display panels, if the driver element 
Is mounted directly on the connection portion of the sub- 
strate as described above, a Junction substrate may be 
additionally connected to the connection portion of the 
panel element substrate for connecting the driver ele- 
ment mounted on the connection portion of the panel 
element substrate to the control portion of the driver de- 
vice. 

[0139] For connection of this junction substrate, an 
anisotropic conductive adhesive such as ACF may be 
used. 

[0140] The junction substrate may be a flexible sub- 
strate. The flexible junction substrate may be folded to- 
ward a back side, opposite to the observation side, of 
the multi-layer display panel. More specifically, the flex- 
ible junction substrate may be folded such that an end 
portion, opposite to an end portion which is connected 
to the connection portion of the panel element substrate, 
of the junction substrate is located at the back side of 
the multi-layer display panel. This can reduce the frame 
width of the multi-layer display panel. 
[0141] (f) In any one of the first, second and third types 
of multi-layer display panels, a driver element carrier 
substrate (e.g., TCP) carrying the driver element may 
be connected to the connection portion of the panel el- 
ement substrate, as already described. 
[0142] The anisotropic conductive adhesive such as 
ACF may be used for connection of the driver element 
carrier substrate. 

[0143] The driver element carrier substrate may be a 
flexible substrate. The flexible driver element carrier 
substrate may be folded toward the back side, opposite 
to the observation side, of the multi-layer display panel. 
More specifically, the flexible driver element carrier sub- 
strate may be folded such that an end portion, opposite 
to an end portion which is connected to the connection 
portion of the panel element substrate, of the driver el- 
ement carrier substrate is located at the back side of the 
multi-layer display panel. This can reduce the frame 
width of the multi-layer display panel. 
[0144] (g) The first type of multi-layer display panel 
may additionally have one or more panel elements, 
which are layered with the three layered panel elements 



of the foregoing structure. 

[0145] Either of the second and third types of multi- 
layer display panels may additionally have one or more 
panel elements, which are layered with the two layered 

5 panel elements of the foregoing structure. 

[0146] (h) In any one of the first, second and third 
types of multi-layer display panels, each panel element 
may be a liquid crystal panel element, in which a liquid 
crystal is disposed between the column substrate pro- 

10 vided with the column electrode and the row substrate 
provided with the row electrode. 

[0147] The liquid crystal (liquid crystal composition) 
to be arranged between the substrates may be a liquid 
crystal composition including a liquid crystal exhibiting 

15 a cholesteric phase, e.g., in a room temperature. The 
liquid crystal exhibiting the cholesteric phase selectively 
reflects the light of the wavelength depending on the hel- 
ical pitch of liquid crystal. Therefore, the liquid crystal 
panel element including the liquid crystal exhibiting the 

20 cholesteric phase can be used as the liquid crystal dis- 
play element of the reflection type. 
[0148] The liquid crystal exhibiting the cholesteric 
phase may be a cholesteric liquid crystal which exhibits 
the cholesteric phase by itself, or a chiral nematic liquid 

25 crystal composition including a nematic liquid crystal 
composition and a chiral agent added thereto. The chiral 
nematic liquid crystal composition has such an advan- 
tage that the helical pitch can be adjusted by controlling 
an amount of the added chiral agent, and thereby the 

30 selective reflection wavelength can be easily adjusted, 

[2] METHOD OF MANUFACTURING MULTI-LAYER 
DISPLAY PANEL 

35 [0149] In the following description, first, second and 
third types of methods for manufacturing multi-layer dis- 
play panels are presented. 

[0150] The first, second and third types of manufac- 
turing methods are methods of manufacturing above 
40 mentioned first, second and third types of multi-layer 
display panels, respectively. 

[0151] The first, second and third types of the meth- 
ods of manufacturing multi-layer display panel are as 
follows. 

45 

[2-1] FIRST TYPE OF METHOD OF 
MANUFACTURING MULTI-LAYER DISPLAY PANEL 

[0152] The first type of the method is a method for 
50 manufacturing a multi-layer display panel including first, 
second and third panel elements layered together, the 
method comprising: 

a panel element forming step of forming each of the 
55 first, second and third panel elements, using a first 
substrate provided with a column electrode and a 
second substrate provided with a row electrode; 
and 
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an oyerLayjng step of overlaying the firet, second 
and third panel elements, each formed in the panel 
element fonning step, in accordance with a prede- 
termined order, wherein 

the first substrate of each of the first, second and 5 
third panel elements finally has an overlap portion 
overlapping with the other five substrates, and a 
connection portion extending from the overlap por- 
tion and used for connecting the column electrode 
on the first substrate to a driver element; ■ - - io 
the second substrate of each of the first, second and 
third panel elements finally has an overlap portion 
overlapping with the other five substrates, and a 
connection portion extending from the overlap por- 
tion and used for connecting the row electrode on ^5 
the second substrate to a driver element; 
the first and second substrates are overlaid togeth- 
er to form the panel element, and to locate each of 
the column and row electrodes on the first and sec- 
ond substrates, respectively, at inner side of the 
overlaid first and second substrates in the panel el- 
ement forming step, 

the first, second and third panel elements are over- 
laid together in the overlaying step to locate 

25 

the first substrate of the first panel element, 
the second substrate of the first panel element, 
the second substrate of the second panel ele- 
ment, 

the first substrate of the second panel element, 30 
the first substrate of the third panel element and 
the second substrate of the third panel element 
in this order; 

the first, second and third panel elements are over- 35 
laid together in the overlaying step such that an ex- 
tending direction of the connection portion of the 
second substrate of the first panel element is same 
as an extending direction of the connection portion 
of the second substrate of the second panel ele- 
ment, with respect to a center defined by a lap-over 
portion where the first, second and third panel ele- 
ments are overlapping to each other; 
the first, second and third panel elements are over- 
laid together in the overlaying step such that an ex- ^5 
tending direction of the connection portion of the 
first substrate of the second panel element is same 
as an extending direction of the connection portion 
of the first substrate of the third panel element, with 
respect to the center defined by the lap-over por- 50 
tion; and 

the first, second and third panel elements are over- 
laid together in the overlaying step such that, with 
respect to the center defined by the lap-over por- 
tion, 55 

an extending direction of the connection portion 
of the first substrate of the first panel element. 



the extending direction of the connection por- 
tion of the second substrate of the first panel 
element, 

the extending direction of the connection por- 
tion of the first substrate of the second panel 
element and 

an extending direction of the connection portion 
of the second substrate of the third panel ele- 
ment are angularly shifted in this order by 90 
^ . degrees. . . _ . . . 

[2-2] SECOND TYPE OF METHOD OF 
MANUFACTURING MULTI-LAYER DISPLAY PANEL 

[01 53] The second type of the method is a method for 
manufacturing a multi-layer display panel including first 
and second panel elements layered together, the meth- 
od comprising: 

a panel element forming step of forming each of the 
first and second panel elements, using a first sub- 
strate provided with a column electrode and a sec- 
ond substrate provided with a row electrode; and 
an overiaytng step of overiaying the first and second 
panel elements, each fomned in the panel element 
forming step, in accordance with a predetermined 
order, wherein 

the first substrate of each of the first and second 
panel elements finally has an overlap portion over- 
lapping with the other three substrates, and a con- 
nection portion extending from the overlap portion 
and used for connecting the column electrode on 
the first substrate to a driver element; 
the second substrate of each of the first and second 
panel elements finally has an overlap portion over- 
lapping with the other three substrates, and a con- 
nection portion extending from the overlap portion 
and used for connecting the row electrode on the 
second substrate to a driver element; 
the first and second substrates are overlaid togeth- 
er to form the panel element, and to locate each of 
the column and row electrodes on the first and sec- 
ond substrates, respectively, at inner side of the 
overtaid first and second substrates In the panel el- 
ement fonning step, 

the first and second panel elements are overlaid to- 
gether in the overiaying step such that each of the 
substrate, arranged at inner side, of the first panel 
element and the substrate, arranged at inner side, 
of the second panel element is the first substrate 
provided with the column electrode, or is the second 
substrate provided with the row electrode; 
the first and second panel elements are overlaid to- 
gether in the overiaying step such that an extending 
direction of the connection portion of the substrate, 
arranged at inner side, of the first panel element is 
same as an extending direction of the connection 
portion of the substrate, arranged at inner side, of 
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the second panel element, with respect to a center 
defined by a lap-over portion where the first and 
second panel elements are overlapping to each oth- 
er; and 

the first and second panel elements are overlaid to- 
gether in the overlaying step such that with respect 
to the center defined by the lap-over portion, 

an extending direction of the connection portion 
of the substrate, arranged at outer side, of the 
first panel element, 

the extending direction of the connection por- 
tion of the substrate, arranged at inner side, of 
the first panel element, and 
an extending direction of the connection portion 
of the substrate, arranged at outer side, of the 
second panel element are angularly shifted in 
this order by 90 degrees. 

[2-3] THIRD TYPE OF METHOD OF 
MANUFACTURING MULTI-LAYER DISPLAY PANEL 

[0154] The third type of the method is a method for 
manufacturing a multi-layer display panel including first 
and second panel elements layered together, the meth- 
od comprising: 

a panel element forming step of forming each of the 
first and second panel elements, using a first sub- 
strate provided with a column electrode and a sec- 
ond substrate provided with a row electrode; and 
an overlaying step of overlaying the first and second 
panel elements, each formed in the panel element 
forming step, in accordance with a predetermined 
order, wherein 

the first substrate of each of the first and second 
panel elements finally has an overlap portion over- 
lapping with the other three substrates, and a con- 
nection portion extending from the overlap portion 
and used for connecting the column electrode on 
the first substrate to a driver element; 
the second substrate of each of the first and second 
panel elements finally has an overlap portion over- 
lapping with the other three substrates, and a con- 
nection portion extending from the overlap portion 
and used for connecting the row electrode on the 
second substrate to a driver element; 
the first and second substrates are overlaid togeth- 
er to form the panel element, and to locate each of 
the column and row electrodes on the first and sec- 
ond substrates, respectively, at inner side of the 
overlaid first and second substrates in the panel el- 
ement forming step, 

the first and second panel elements are overlaid to- 
gether in the overlaying step such that, with respect 
to a center defined by a lap-over portion where the 
first and second panel elements are overlapping to 
each other, 



an extending direction of the connection portion 
of the first substrate of the first panel element, 
an extending direction of the connection portion 
of the second substrate of the first panel ele- 
ment, 

an extending direction of the connection portion 
of the first substrate of the second panel ele- 
ment and 

an extending direction of the connection portion 
of the second substrate of the second panel el- 
ement are angularly shifted by 90 degrees in a 
predetermined order. 

[0155] [2-4] According to the first, second and third 
types of manufacturing method, the first, second and 
third types of multi-layer display panels already de- 
scribed can be manufactured, respectively. 
[0156] The matters already described with respect to 
the first, second and third types of multi-layer display 
panels are also true with respect to the first, second and 
third types of manufacturing methods, respectively. 
[0157] Any one of the first, second and third types of 
manufacturing methods includes a panel element form- 
ing step of forming each panel element using the column 
substrate (first substrate) and the row substrate (second 
substrate), and an overlaying step (panel element over- 
laying step) of overlaying the panel elements thus 
formed. 

[0158] The column substrate (or row substrate) used 
in the panel element fomning step may have a configu- 
ration different from the final configuration of the sub- 
strate, as will be described in greater detail later. Like- 
wise, the configuration of the column substrate (or row 
substrate) in the overlaying step may be different from 
the final configuration of the substrate. 
[0159] In any one of the first, second and third types 
of manufacturing methods, the multi-layer display panel 
is produced such that as follows. The column substrate 
of each panel element is, finally, provided with the over- 
lap portion overlapping with all the other substrates, and 
the connection portion extending from the overlap por- 
tion for connecting the column electrode to the driver 
element. Also, the row substrate of each panel element 
is, finally, provided with the overlap portion overlapping 
with all the other substrates, and the connection portion 
extending from the overlap portion for connecting the 
row electrode to the driver element. 
[0160] Further, the direction of the electrode formation 
surface of the substrate in the panel element forming 
50 step, the layering order of the respective substrates of 
the respective panel elements in the overlaying step 
and/or the extending directions of the connection por- 
tions in the overlaying step are determined as described 
above, whereby all the electrode formation surfaces of 
55 all the substrate connection portions can be exposed in 
the final product of the multi-layer display panel. 
[0161] In any one of the first, second and third types 
of manufacturing methods, the panel element forming 
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step and the overlayjng step may be performed such 
that the electrode formation surface of the connection 
portion of each of the substrates of each panel element 
is not fully hidden by the substrates of the other panel 
element, and at least a portion (typically, a major or 
whole portion) thereof is exposed. 
[0162] (a) Thereby, in the case where the driver ele- 
ment is to be mounted directly on the connection portion 
of the panel element substrate, the mounting of the driv- 
er element can be performed after overlaying the panel 
elements (after the overlaying step). In the case of con- 
necting the junction substrate to the connection portion, 
this connection can be also performed after the overlay- 
ing step. Repairing of the operation such as driver ele- 
ment mounting can be also performed after the overlay- 
ing step. 

[0163] In any one of the first, second and third types 
of manufacturing methods, a mounting step of mounting 
the driver element onto the connection portion of the 
substrate, and connecting the electrode of the substrate 
to the driver element may be performed after the over- 
laying step. A junction substrate connecting step of con- 
necting the junction substrate to the connection portion 
of the panel element substrate may be performed after 
the overlaying step. By performing the driver element 
mounting step and the junction substrate connecting 
step after the panel element overlaying step, the driver 
element and the junction substrate does not impede the 
panel element overlaying step so that the overlaying of 
the panel elements can be performed easily. 
[0164] (b) In the case of connecting the driver element 
carrier substrate carrying the driver element to the con- 
nection portion of the panel element substrate, this con- 
nection can be performed after the panel element over- 
laying step. 

[0165] In any one of the first, second and third types 
of manufacturing methods, the step of connecting the 
driver element carrier substrate such as TCP to the con- 
nection portion of the panel element substrate may be 
performed, e.g., after the overlaying step. By performing 
this connecting step of connecting the driver element 
carrier substrate, the overlaying of the panel element 
and others can be perfonned easily without being Im- 
peded by the driver element carrier substrate. 
[0166] [2-5] In any one of the first, second and third 
types of manufacturing methods, the liquid crystal may 
be disposed between the column substrate provided 
with the column electrode and the row substrate provid- 
ed with the row electrode in the panel element forming 
step, whereby the liquid crystal panel element can be 
formed. 

[0167] The liquid crystal held between the substrates 
may be chiral nematic liquid crystal as described above, 
whereby the liquid crystal panel element of the reflection 
type can be produced. 

[0168] [2-6] In any one of the first, second and third 
types of manufacturing methods, at least the overiap 
portions of the neighboring two substrates may be ad- 



hered together by an adhesive such as adhesive film, 
double-faced adhesive tape or liquid adhesive In the 
overlapping step. 

[0169] In the first and second types of manufacturing 

5 methods each executed for forming the multi-layer dis- 
play panel having the connection portions of the same 
extending direction, the overlap portions and the con- 
nection portions of the neighboring two substrates of the 
neighboring two panel elements may be adhered by the 

10 adhesive. . , ^ . . . 

[0170] In any one of the first, second and third types 
of manufacturing methods, the panel elements may be 
overlaid together after positioning the panel elements to 
provide a predetennined positional relationship there- 

15 between. Forthis positioning, the column substrate and/ 
or row substrate of each panel element may be provided 
with one or more alignment mark(s) (registration mark 
(s)), which can be used for the positioning. For the po- 
sitioning, a known manner such as image processing 

20 manner may be employed. The alignment mark may be 
made of an electrode material. The alignment mark may 
be formed outside the display region of the substrate. 
The alignment mark may be formed in a substrate por- 
tion, which will be finally removed. Display may be per- 

25 formed on one or more predetermined dots (pixels) of 
the panel element for use as the alignment mark. 
[0171] [2-7] In any one of the first, second and third 
types of manufacturing methods, the multi-layer display 
panel is produced such that each substrate of each pan- 

30 el element is, finally, provided with the overlap portion 
overiapping with all the other substrates, and the con- 
nection portion extending from the overlap portion for 
connecting the electrode on the substrate to the driver 
element. Also, the connection portion of each substrate 

35 does not finally overiap with all the other substrates, as 
already described in connection with the multi-layer dis- 
play panel. 

[0172] It is important that the overlap portion overlap- 
ping with all the other substrates and the connection por- 

40 tlon not overiapping with all the other substrates are 
merely required to be fonned finally in each substrate. 
[0173] Therefore, a portion of the panel element sub- 
strate finally serving as the connection portion (extend- 
ing portion extending from the overlap portion) may 

45 overiap with all the other substrates during the process 
of producing the multi-layer display panel. In this case, 
the substrate portion covering the electrode formation 
surface of the other substrate (the portion overlapping 
with the electrode formation surface of the connection 

50 portion of the other substrate) may be typically cut away 
for exposing at least a portion (typically, a major or whole 
portion) of the electrode formation surface of the con- 
nection portion at a predetennined timing (e.g., before 
the panel element forming step, after the panel element 

55 forming step, and/or the panel element overiaying step). 
More specifically, the substrate portion covering the 
electrode formation surface of the connection portion of 
the other substrate may be cut off at the predetennined 
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timing so that operation such as nnounting of the drive 
element on this connection portion may not be impeded. 
[0174] In any one of the first, second and third types 
of manufacturing methods, the multi-layer display panel 
may be produced by employing a cutting step of cutting 5 
an unnecessary portion of the substrate, e.g., as de- 
scribed in the following item [2-7-1], [2-7-2] or [2-7-3]. 
[0175] [2-7-1] Forexample, an after cut step of remov- 
ing an unnecessary portion (portion to be cut away) from 
each of the first and second substrates of each of the io 
overlaid panel elements may be executed after the pan- 
el element overlaying step. 

[01 76] In this case, the substrate of the following con- 
figuration may be used as each of the first and second 
substrates in the panel element forming step, and the 
following portion of the substrate may be removed as 
the unnecessary portion in the after cut step perfonned 
after the panel element overlaying step. 
[0177] In the panel element forming step, each first 
substrate may have the overlap portion finally overlap- 
ping with the other substrate, and four extending por- 
tions extending from the overlap portion in the four di- 
rections angularly spaced by 90 degrees. Likewise, 
each second substrate may have the overlap portion fi- 
nally overlapping with the other substrate, and four ex- 
tending portions extending from the overlap portion in 
the four directions angularly spaced by 90 degrees. 
[0178] In the after cut step, at least one extending por- 
tion among the four extending portions of the first sub- 
strate except for the extending portion to be used as the 
connection portion may be removed, and at least one 
extending portion among the four extending portions of 
the second substrate except for the extending portion to 
be used as the connection portion may be removed. 
[0179] Thereby, the extending portion to be used as 
the connection portion and the extending portions to be 
removed in the after cut step can be utilized for holding 
the panel element in the panel element overtaying step 
and/or other step(s). Therefore, the overlaying step can 
be perfonned easily. 

[0180] [2-7-2] Alternatively, the substrate of the fol- 
lowing configuration may be used as each of the first 
and second substrates in the panel element forming 
step, and the following portion of the substrate may be 
removed as the unnecessary portion in the after cut step 
perfonned after the panel element overlaying step. 
[0181] In the panel element fomning step, each first 
substrate may have the overlap portion finally overlap- 
ping with the other substrate, an extending portion ex- 
tending from the overlap portion for use as the connec- 
tion portion, and an extending portion extending from 
the overlap portion for use as a holding portion for hold* 
ing the panel element in the panel element overlaying 
step. Likewise, each second substrate may have the 
overlap portion finally overtapping with the other sub- 
strate, an extending portion extending from the overlap 
portion for use as the connection portion, and an extend- 
ing portion extending from the overlap portion for use as 



a holding portion for holding the panel element in the 
panel element overlaying step. 

[0182] In the after cut step, the extending portion(s) 
of the first substrate except for the extending portion to 
be used as the connection portion may be removed, and 
the extending portion(s) of the second substrate except 
for the extending portion to be used as the connection 
portion may be removed. 

[0183] The extending portion to be used as the con- 
nection portion may be the same as the extending por- 
tion to be used as the holding portion. The after cut step 
may be performed to remove the extending portion, 
which is not to be used as the connection portion, and 
was used as the holding portion in the overtaying step. 
[01 84] According to the above manner and configura- 
tion, the extending portion used as the connection por- 
tion and the extending portion to be removed in the after 
cut step can be utilized as the holding portion in the pan- 
el element overlaying step and/or other step(s) so that 
the overtaying step can be perfomned easily, similarly to 
the manner and configuration in the item [2-7-1]. 
[0185] [2-7-3] A precut step of removing an unneces- 
sary portion of each of the first and second substrates 
may be perfonned before the panel element overtaying 
step, and an after cut step of removing an unnecessary 
portion from each of the first and second substrates of 
each of the overiaid panel elements may be performed 
after the panel element overtaying step. 
[0186] In this case, the substrate of the following con- 
figuration may be used as each of the first and second 
substrates in the panel element forming step, the follow- 
ing portion of the substrate may be removed as the un- 
necessary portion in the precut step perfonned before 
the panel element overlaying step, and the following 
portion of the substrate may be further removed as the 
unnecessary portion in the after cut step performed after 
the panel element overtaying step. 
[01 87] Each first substrate in the panel element form- 
ing step may have the overiap portion finally overlapping 
with the othersubstrate, and four extending portions ex- 
tending from the overlap portion in the four directions 
angularly spaced by 90 degrees. Likewise, each second 
substrate in the panel element forming step may have 
the overtap portion finally overtapping with the other 
substrate, and four extending portions extending from 
the overtap portion in the four directions angulariy 
spaced by 90 degrees. 

[0188] In the precut step, the extending portion(s) 
among the four extending portions of the first substrate, 
except for the extending portion to be used as a holding 
portion for holding the panel element in the panel ele- 
ment overlaying step, also except for the extending por- 
tion to be used as the connection portion, are removed. 
Further, the extending portion(s) among the four extend- 
ing portions of the second substrate, except for the ex- 
tending portion to be used as a holding portion for hold- 
ing the panel element in the panel element overtaying 
step, also except for the extending portion to be used 
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as the connection portion, are rennoved. 
[0189] In the after cut step, the extending portion (s) 
except for the extending portion to be used as the con- 
nection portion of the first substrate, and the extending 
portion(s) except for the extending portion to be used as 
the connection portion of the second substrate are re- 
nnoved. 

[0190] In this case, the extending portion to be used 
as the connection portion nnay be the same as the ex- 



which is already exposed. 

f0i96] [2-7-5] In any one of the foregoing processes 
[2-7-1] and [2-7-3] each using the substrate provided 
with the four extending portions in the panel forming 

5 step, the following substrates may be employed. 

[01 97] Each first substrate used in the panel element 
fonning step may be configured such that the extending 
portion located opposite, with respect to a center de- 
fined by the overlap portion of the first substrate, to the 

10 extending portion used as the connection portion can 



larly to the configuration already described in the item 
[2-7-2]. In this case, the after cut step may be performed 
to remove the extending portion, which is not utilized as 
the connection portion, and was utilized as the holding 
portion in the overlaying step. 

[0191] According to the above^ the extending portion 
used as the connection portion and the extending por- 
tion removed in the after cut step can be used as the 
holding portion in the panel element overlaying step 
and/or other step(s) so that the overlaying step can be 
perfomned easily. 

[0192] [2-7-4] In any one of the manners described in 
the foregoing items [2-7-1], [2-7-2] and [2-7-3], half cut 
may be effected in advance on a boundary line between 
the substrate portion to be removed in the after cut step 
and the portion to be left. By perfomiing the half cut, the 
unnecessary substrate portion can be easily removed 
in the after cut step (master cut step). This half cut step 
may be performed at such a timing, before the after cut 
step, that the half cut can be easily performed. This half 
cut step may be perfonned, e.g., before the panel ele- 
ment overlaying step, before the panel element forming 
step, or during the panel element forming step (e.g., af- 
ter formation of the electrode on the substrate and be- 
fore overlaying the substrates to form the panel ele- 
ment). 

[0193] In the foregoing process [2-7-3] employing the 
precut step, the half cut may likewise be effected on the 
boundary line between the substrate portion to be re- 
moved in the precut step and the substrate portion to be 
left. By effecting the half cut, it becomes easy to remove 
the unnecessary substrate portion in the precut step. 
This half cut for the precut step may be effected on the 
substrate at such a timing, before the precut step, that 
the half cut can be easily perfonned. This half cut step 
may be performed, e.g., before the panel element over- 
laying step, before the pane) element forming step, or 
during the panel element forming step. 
[01 94] The half cut for the precut step and the half cut 
for the after cut step may be performed simultaneously 
(at the same timing in the process of producing the multi- 
taycr display panel). 

[0195] In any one of the foregoing cases, the half cut 
may be effected on an exposure surface, to be exposed, 
of the substrate. In the case where the two or more por- 
tions, to be removed, of the substrates overlap with each 
other, the exposure surface of the substrate is a surface 
to be- -exposed after removing-the substrate, portion 



be also used as the connection portiorrfor connection 
to the driver element. Likewise, each second substrate 
used in the panel element fomning step may be config- 
ured such that the extending portion located opposite, 

15 with respect to a center defined by the overlap portion 
of the second substrate, to the extending portion used 
as the connection portion can be also used as the con- 
nection portion for connection to the driver element. 
[0198] By employing the foregoing substrate as each 

20 first substrate (column substrate), each column sub- 
strate can be the same regardless of the extending di- 
rection of the extending portion to be used as the con- 
nection portion of the substrate. Likewise, each second 
substrate (row substrate) of each panel element can be 

25 the same regardless of the extending direction of the 
extending portion to be used as the connection portion 
of the substrate. Thereby, commonality of parts can be 
achieved. 

[0199] All the first and second substrates used in the 
30 panel element fonning step may have the same rectan- 
gular form and the same sizes. If the first and second 
substrates have the same sizes and form, the panel el- 
ement can be produced easily. 

[0200] The column electrodes of the same pattern 
35 may be formed on the respective first substrates used 
in the panel element fomning step. This allows use of, e. 
g., the same mask to form the column electrodes of the 
predetermined configurations on the respective first 
substrates. Likewise, the row electrodes of the same 
40 pattern may be formed on the respective second sub- 
strates used in the panel element forming step. This al- 
lows use of, e.g., the same mask to form the row elec- 
trodes of the predetemriined configurations on the re- 
spective second substrates. 
45 [0201] [2-7-6] In any one of the foregoing processes 
[2-7-1], [2-7-2] and [2-7-3], at least a portion of the un- 
necessary extending portion may be removed in the af- 
ter cut or precut step. 

[0202] In other words, the extending portion, which is 
50 not finally used as the connection portion, may be par- 
tially left. 

[0203] More specifically, the extending portion, which 
is not used as the connection portion, of the substrate 
may be partially left to an extent which does not impede 
55 the mounting of the driver element, the connection of 
the junction substrate and the connection of the driver 
element carrier substrate to the connection portion of 
the other substrate. 
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[0204] [2-8] Naturally, the multi-layer display panel 
may be produced without performing the cut step al- 
ready described in the item [2-7], in which case the col- 
umn and row substrates of the final configurations may 
be used in the stage of the panel element forming step, 
and the respective panel elements thus fonned may be 
overlaid to form the multi-layer display panel. 

[2-9] FOURTH TYPE OF METHOD OF 
MANUFACTURING MULTI-LAYER DISPLAY PANEL 

[0205] In the following description, fourth type of 
method of manufacturing the multi-layer display panel 
is presented. 

[0206] The fourth type of manufacturing method is a 
method of manufacturing a multi-layer display panel in- 
cluding a plurality of panel elements layered together, 
comprising: 

a panel element forming step of forming each of the 
panel elements using a first substrate provided with 
a column electrode at an electrode fomnation sur- 
face and a second substrate provided with a row 
electrode at an electrode formation surface; 
an overlaying step of overlaying the panel elements 
fonned in the pane! element fonning step; and 
an after cut step of removing at least one unneces- 
sary portion from each of the first and second sub- 
strates of each of the overlaid panel elements, 
wherein 

in the panel element fonning step, as each of the 
first substrates, a substrate having an overlap por- 
tion finally overlapping with the other substrates, 
and four extending portions extending from the 
overlap portion in four directions angularly shifted 
by 90 degrees is used for fonning the panel ele- 
ment, 

in the panel element forming step, as each of the 
second substrates, a substrate having an overlap 
portion finally overlapping with the other substrates, 
and four extending portions extending from the 
overlap portion in four directions angularly shifted 
by 90 degrees is used for fonning the panel ele- 
ment. 

the after cut step is executed to remove at least one 
extending portion, as the unnecessary portion, 
among the four extending portions of the first sub- 
strate except for the extending portion to be used 
as a connection portion used forconnecting the col- 
umn electrode on the first substrate to a driver ele- 
ment, and 

the after cut step is also executed to remove at least 
one extending portion, as the unnecessary portion, 
among the four extending portions of the second 
substrate except for the extending portion to be 
used as a connection portion used for connecting 
the row electrode on the second substrate to a driv- 
er element. 



[0207] According to the fourth type of manufacturing 
method, it is possible to produce any one of the first, 
second and third types of multi-layer display panels. 
Further, it can be utilized in any one of the first, second 

5 and third types of manufacturing methods. 

[0208] The matters already described in connection 
with the first, second and third types of multi-layer dis- 
play panels can also be true with respect to the multi- 
layer display panel produced in the fourth type of man- 

10 ufacturing method. The matters already described in 
connection with the first, second and third types of man- 
ufacturing methods can also be true with respect to the 
fourth type of manufacturing method. 
[0209] The fourth type of method of manufacturing the 

15 multi-layer display panel will now be described below in 
greater detail. 

[0210] The fourth type of manufacturing method is ex- 
ecuted to manufacture the multi-layer display panel in- 
cluding a plurality of panel elements layered together. 

20 [0211] The fourth type of manufacturing method in- 
cludes a panel element fonning step, an overlaying step 
(panel element overiaying step) and an after cut step. 
[0212] In the panel element forming step, each panel 
element is fomned by using a first substrate (column sub- 

25 strate) provided with a column electrode and a second 
substrate (row substrate) provided with a row electrode. 
[0213] In the overiapping step, the fonned panel ele- 
ments are overtaid together in a predetermined order. 
The neighboring panel elements may be adhered by the 

30 adhesive. 

[0214] The after cut step is performed after the over- 
lapping step. In the after cut step, the following unnec- 
essary portion is removed from each of the first and sec- 
ond substrates of the overiaid panel elements. 

35 [0215] In the fourth type of manufacturing method, the 
following substrates are used as the first and second 
substrates of each panel element in the panel element 
fomning step, similariy to the case of the foregoing item 
[2-7-1]. In the after cut step, the following portion is re- 

40 moved from the substrate. 

[0216] Each first substrate used in the panel element 
fomning step has an overlap portion finally overiapping 
with the other substrate, and four extending portions ex- 
tending from the overiap portion in the four directions 

45 angularly spaced by 90 degrees. 

[0217] Each second substrate in the panel element 
forming step has an overiap portion finally overiapping 
with the other substrate, and four extending portions ex- 
tending from the overiap portion in the four directions 

50 angularly spaced by 90 degrees. 

[0218] In the after cut step, the extending portion(s) 
among the four extending portions of each first sub- 
strate, except for the extending portion to be used as 
the connection portion for connecting the column elec- 

55 trode on the first substrate to the driver element, are 
removed . 

[0219] Also, in the after cut step, the extending portion 
(s) among the four extending portions of each second 
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substrate, except for the extending portion to be used 
as the connection portion for connecting the row elec- 
trode on the second substrate to the driver element, are 
removed. 

[0220] Manufacturing of the multi-layer display panel 
in the above manner can achieve the following advan- 
tages. 

[0221 ] I n any one of the substrates, since the extend- 
ing portions (including the extending portion to be used 
■Qs^tf; i^ ^.qnnectjgr p^ RO^t:tioi^)^ar^ 

sides of the overlap portion, the extending portions can 
be utilized for holding the substrate during formation of 
the panel element, resulting in easy production of the 
panel element. Thereby, the multi-layer display panel 
can be produced efficiently. 

[0222] Since each substrate is provided with the ex- 
tending portions located on the opposite sides of the 
overlap portion, the extending portions can be utilized 
for holding the panel element when overlaying the panel 
elements so that the overlaying of the panel elements 
can be easily performed. Thereby, the multi-layer dis- 
play panel can be manufactured efficiently. 
[0223] If the neighboring panel elements are adhered 
by an adhesive in the step of overlaying the panel ele- 
ments, the panel element portion (substrate extending 
portion) other than the overlap portion can be held with, 
e.g., a holding member, and in other words, the panel 
element portion other than an adhered portion to be ad- 
hered to the other panel element, can be held so that 
the adhesion can be perfonned easily. Also, the portions 
to be adhered can be reliably adhered. For preventing 
remaining of bubbles between the neighboring panel el- 
ements, the neighboring panel elements can be ad- 
hered, for example, from one end toward the other end. 
[0224] Each first substrate used in the panel element 
fonning step may be configured such that the extending 
portion located opposite, with respect to the center de- 
fined by the overlap portion of the first substrate, to the 
extending portion used as the connection portion can 
be also used as the connection portion. Likewise, each 
second substrate used in the panel element fonning 
step may be configured such that the extending portion 
located opposite, with respect to the center defined by 
the overiap portion of the second substrate, to the ex- 
tending portion used as the connection portion can be 
also used as the connection portion. By employing such 
substrates, the first substrates having the common 
structure can be used in the respective panel elements 
independently of the extending portion selected as the 
connection portion between the extending portions on 
the opposite sides of the overlap portion. Also, the sec- 
ond substrates of the common structures can be used 
in the respective panel elements. Thereby, commonality 
of parts can be achieved, and the multi-layer display 
panels can be produced efficiently. 
[0225] All the first and second substrates used in the 
panel element forming step may be rectangular and may 
have the same'Sizes.^For-example;^eaGh-substrate^may 



have a rectangular overlap portion and an annular por- 
tion surrounding the overiap portion, and may have a 
rectangular form as a whole. This annular portion in- 
cludes the four extending portions extending in the four 
5 directions from the overiap portion. By employing the 
substrates of the same size in all the panel elements, 
commonality of parts can be achieved. Thereby, the 
multi-layer display panel can be manufactured efficient- 

ly- 

may be fomned oh the respective first substrates used 
in the panel element forming step. Likewise, the row 
electrodes of the same pattern may be fonned on the 
respective second substrates used in the panel element 

^5 fomning step. By fomning the column electrodes of the 
same pattern on the first substrates of the respective 
panel elements, the column electrodes can be fonned 
efficiently. Likewise, by forming the row electrodes of the 
same pattern on the second substrates of the respective 

20 panel elements, the row electrodes can be formed effi- 
ciently. Thereby, the multi-layer display panel can be 
manufactured efficiently. 

[0227] Similarly to the foregoing case [2-7-4], half cut 
may be effected in advance on a boundary line between 

25 the substrate portion to be removed in the after cut step 
and the portion to be left. By performing the half cut, the 
after cut step can be performed efficiently and easily. 
The half cut step may be performed, e.g., before the 
overiaying step or during the panel element forming 

30 step. The half cut step may be effected on the exposure 
surface, to be exposed, of the substrate. 
[0228] In the fourth type of manufacturing method, 
two orthree panel elements may be overiaid in the over- 
laying step, and the after cut step may be perfonned to 

25 expose each of the electrode formation surfaces of the 
connection portions of each substrate of each panel el- 
ement. 

[0229] As already described in connection with the 
first, second and third types of multi-layer display pan- 

40 els, the electrode formation surface of the connection 
portion of every substrate can be exposed in the struc- 
ture where two or three panel elements are layered to- 
gether. For exposing every electrode formation surface 
of the connection portion, the multi-layer display panel 

45 may be produced in the structure as already described 
with respect to the first, second and third types of multi- 
layer display panels (or first, second and third types of 
manufacturing methods). The directions of the electrode 
formation surfaces of the substrates, the layering order 

50 of the substrates of the respective panel elements and 
the extending directions of the connection portions may 
be determined as already described in connection with 
the first, second and third multi-layer display panels. 
Whereby, the extending portions can be removed in the 

55 after cut step to expose the electrode formation surfaces 
of all the connection portions. 

[0230] Thereby, the mounting step of mounting the 
driver element .onto^the. connection portion of. the sub- 
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strate, and connecting the electrode on the substrate to 
the driver element can be perfornried after the panel el- 
ement overlaying step. 

[0231] Also, the connecting step of connecting the 
junction substrate, which is employed for connecting the 
driver element to the control portion of the driver device, 
to the connection portion of the panel element substrate 
can be performed after the panel element overlaying 
step. 

[0232] Also, the connecting step of connecting the 
driver element carrier substrate carrying the driver ele- 
ment to the connection portion of the panel element sub- 
strate can be performed after the overiaying step. 
[0233] According to the above, the mounting of the 
driver element, the connection of the junction substrate 
and the connection of the driver element carrier sub- 
strate can be easily perfonned. If performing the oper- 
ation such as driver element mounting after the panel 
element overiaying step, the driver element, junction 
substrate and others are not connected to each panel 
element in the overlaying step so that the driver element 
and others do not impede the overlaying step, and there- 
fore the overiaying step can be performed easily. Also, 
a manner of preventing remaining of bubbles between 
the panel elements can be employed when the neigh- 
boring panel elements are adhered by an adhesive in 
the overlaying step. 

[2-10] STEP OF MOUNTING DRIVER ELEMENT 

[0234] If the driver element (e.g., driver IC) is directly 
mounted on the connection portion of the substrate of 
the panel element, this mounting step may be perfonned 
as follows. 

(a) This mounting step may be performed, e.g., after 
the panel element overlaying step. 

(b) The mounting of the driver element may be per- 
formed using an anisotropic conductive adhesive 
such as anisotropic conductive film (ACF) or aniso- 
tropic paste. This anisotropic conductive adhesive 
may be disposed between the driver element and 
the substrate connection portion, and may be sub- 
jected to heat and pressure so that the driver ele- 
ment can be mounted. 

(c) If manufacturing the multi-layer display panel 
having the connection portions of the same extend- 
ing direction, the driver elements may be mounted 
on these two connection portions as follows. 

[0235] The driver element mounted on one of the 
neighboring two connection portions of the same ex- 
tending direction may be located on the position not 
overiapping the driver element mounted on the other 
connection portion. For example, these driver elements 
may be mounted in staggered positions, respectively. 
Thereby, when mounting the driver element with ACF or 
the like, the heat and pressure can be easily applied to 



the ACF and the driver element to be mounted. 
[0236] The driver element mounted on one of the 
neighboring two connection portions of the same ex- 
tending direction may be located in the position overiap- 
5 ping with the driver element mounted on the other con- 
nection portion. 

[0237] In the case where the two driver elements are 
mounted in the positions overiapping with each other, 
these driver elements may be mounted, e.g., in the fot- 

10 lowing manner. 

[0238] For example, at least one of the two driver el- 
ements, which are to be mounted on the two connection 
portions of the same extending direction, respectively, 
may be provisionally adhered to the connection portion, 

15 and thereafter both the driver elements may be com- 
pletely or fully adhered to the connection portions. In the 
case of mounting the driver element using, e.g., ACF, 
the provisional adhesion of the driver element can be 
performed by applying the heat and pressure smaller 

20 than those applied for the complete adhesion. 

[0239] The two driver elements, which are to be 
mounted on the connection portions to locate the posi- 
tions overlapping to each other, respectively, may be 
completely adhered one by one. More specifically, one 

25 of the driver elements may be completely adhered, and 
thereafter the other driver element may be completely 
adhered. 

[0240] Regardless of whetherthe driver elements are 
mounted in the positions overlapping with each other or 
30 the positions not overlapping with each other, the elec- 
trode pattern may be fomned in each connection portion 
for allowing mounting of the driver elements in such po- 
sitions. 

[0241] (d) If the driver element to be mounted has a 
35 bump, a peripheral portion of a connection surface of 
the bump of the driver element, which is to be connected 
to the electrode of the panel element substrate, may be 
rounded priorto the mounting step. In the case of mount- 
ing the driver element with ACF, the connection suri^ace 
40 of the bump of the driver element is a surface to be con- 
nected to the electrode on the panel element substrate 
via conductive particles of ACF. By rounding the bump, 
breakage such as cracking of the electrode can be sup- 
pressed in the mounting operation, compared with the 
45 case where the peripheral portion of the connection sur- 
face of the bump of the driver element is not rounded. 
[0242] For example, etching or mechanical polishing 
may be performed for rounding the peripheral portion of 
the bump. 

50 [0243] Naturally, the mounting may be perfonned us- 
ing the driver element having the bump, of which periph- 
eral portion is rounded in advance to remove a sharp 
edge. The bump may be formed by plating, whereby the 
peripheral portion of the bump can be rounded when 

55 forming the bump. Similar effects can be achieved. 
[0244] (e) In the case where the driver element to be 
mounted has the bump, the following pressure-bonding 
jig (compression bonding jig) may be used for mounting 
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the driver element 

[0245] For example, a pressure-bonding (eompres- 
sion bonding) may be performed with a pressure- bond- 
ing jig including a pressure-bonding base member, 
which is to be arranged at a side opposite to the mount- 
ing surface of the connection portion of the substrate. 
[0246] A raised portion may be formed in the position, 
to be opposed to the bump, of the pressure-bonding 
base member, whereby a balance can be kept in defor- 
mation (convexity) of the substrate (e.g., resin film sub- 
strate), onto which the driver element is to be mounted, 
between the mounting surface and the opposite surface, 
and thereby breakage of the electrode on the substrate 
can be suppressed. The outer periphery of the raised 
portion of the pressure-bonding base member may be 
smaller than the outer periphery of the bump of the driver 
element, whereby breakage of the electrode on the sub- 
strate can be further suppressed. 
[0247] (f) If the resin film substrate is employed as the 
column substrate, and if the resin film has the curling 
property due to winding as described before, the column 
electrode may be formed on the convex surface side of 
the column substrate. The convex surface of the column 
substrate is fomned when the column substrate is curved 
by its curling property. Likewise, if the resin film sub- 
strate is employed as the row substrate, and if the resin 
film has the curling property due to winding, the row 
electrode may be formed on the convex surface side of 
the row substrate. The convex surface of the row sub- 
strate is formed when the row substrate is curved by its 
curing property. 

[0248] By forming the electrode on the convex surface 
side of the resin film substrate, the electrode (e.g., an 
ITO electrode) is subjected to a compression stress 
when the substrate is flat. When mounting the driver el- 
ement onto the connection portion of this substrate, the 
bump of the driver element may push the electrode to 
defonn the electrode, but this deformation occurs to re- 
lease the compression stress so that breakage of the 
electrode such as cracking can be suppressed. 

[2-11] STEP OF CONNECTING JUNCTION 
SUBSTRATE 

[0249] I n the case where the driver element (e.g., driv- 
er IC) Is directly mounted on the connection portion of 
the panel element substrate as already described, the 
junction substrate may be further connected to the con- 
nection portion for connecting the driver element, 
mounted on the panel element substrate, to the control 
portion of the driver device. The connection of the junc- 
tion substrate may be performed as follows. 

(a) This connection step may be perfonned after the 
panel element overlaying step. 

(b) The connection of the junction substrate may be 
performed using an anisotropic conductive adhe- 
sive such as anisotropic conductive film (ACF) or 



anisotropic paste. 

(c) The junction substrate may be a flexible sub- 
strate. 

5 [0250] The flexible junction substrate may be folded 
toward a back side, opposite to the observation side, of 
the multi-layer display panel. This folding can reduce the 
frame width of the multi-layer display panel. 

10 [2-12] STEP OF CONNECTING DRIVER ELEMENT 
CARRIER SUBSTRATE 

[0251] In the case where the driver element carrier 
substrate, which carnes the driver element (e.g., driver 

'5 IC), such as TCP is connected to the connection portion 
of the panel element substrate for connecting the elec- 
trode formed on the panel element substrate to the drive 
element on the driver element carrier substrate, the step 
for this connection of the driver element carrier substrate 

20 may be performed as follows. 

(a) This connection step may be performed afterthe 
panel element overlaying step. 

(b) The connection of the driver element carrier sub- 
25 strate may be performed using an anisotropic con- 
ductive adhesive such as anisotropic conductive 
film (ACF) or anisotropic paste. 

(c) The driver element carrier substrate may be a 
flexible substrate. 

30 

[0252] The flexible driver element carrier substrate 
may be folded toward a back side, opposite to the ob- 
servation side, of the multi-layer display panel. This fold- 
ing can reduce the frame width of the multi-layer display 
35 panel. 

[0253] [2-1 3] In any one of the cases where the driver 
element is directly mounted on the connection portion 
of the panel element substrate, the junction substrate is 
connected to the connection portion, and the driver el- 
40 ement carrier substrate is connected to the connection 
portion, the operation such as driver element mounting 
may be performed as follows. 

[0254] (a) In the mounting step, one or more align- 
ment mark(s) (registration mark(s) or target mark(s)) 

45 provided on the connection portion of the panel element 
substrate as well as one or more alignment mark(s) pro- 
vided at the driver element may be utilized so that the 
driver element may be mounted in the predetermined 
position of the connection portion by aligning these 

50 alignment marks. 

[0255] Likewise, in the step of connecting the junction 
substrate, alignment mark(s) provided on the connec- 
tion portion of the panel element substrate and align- 
ment mark(s) provided on the junction substrate may be 

55 utilized so that the junction substrate may be connected 
in the predetermined position of the connection portion 
by aligning these alignment marks. 
[0256] Likewise, in the step of connecting the driver 
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element carrier substrate, alignment mark(s) provided 
on the connection portion of the panel element substrate 
and alignment mark(s) provided on the driver element 
carrier substrate may be utilized so that the driver ele- 
ment carrier substrate may be connected in the prede- 
termined position of the connection portion by aligning 
these alignment marks. 

[0257] For these positioning, know manner such as 
image processing manner may be employed. The align- 
ment mark may be read by a reading device such as a 
CCD or a microscope. 

[0258] The alignment mark provided on the connec- 
tion portion of the panel element substrate may be 
formed, e.g., by an electrode material (e.g.. ITO). 
[0259] In the case where the multi-layer display panel 
has the connection portions of the same extending di- 
rections, such as the first or second type of the multi- 
layer display panel, if the mounting step is perfomned 
after the panel element overlaying step, the alignment 
marks provided on the two connection portions of the 
same extending directions are sometimes simultane- 
ously viewed in near positions. 

[0260] In this case, the alignment mark provided on 
the connection portion, onto which the driver element is 
to be mounted, should be read out for mounting the driv- 
er element in the correct position . The correct alignment 
mark can be read, e.g., in the following manner. For ex- 
ample, the correct alignment mark can be read out by a 
reading device (e.g., CCD or microscope) having a re- 
duced depth of field. By reducing the depth of field, only 
the alignment mark to be read out can be put into focus, 
and the correct alignment mark can be read out. The 
depth of field can be reduced by increasing the magni- 
fication, and/or increasing lens stops (diaphragm or iris). 
[0261] Inthestep of connecting the junction substrate 
or the step of connecting the substrate carrying the driv- 
er element, a reading device having a reduced depth of 
field may likewise be used to read out the alignment 
mark for connection. A similar effect can be achieved. 
[0262] (b) The multi-layer display panel may be held 
by the following holding device when performing the 
mounting of the driver element, connection of the junc- 
tion substrate, connection of the driver element carrier 
substrate, after the panel element overlaying step. 
[0263] The holding device may have the following 
holding jig. 

[0264] The holding jig may have a first surface for car- 
rying the connection portion of the panel element sub- 
strate, on which the operation such as driver element 
mounting is to be effected, and a second surface for car- 
rying overlap portions of the panel elements, in other 
words, for carrying the lap-over portion, where the panel 
elements are overlapping to each other, of the multi-lay- 
er display panel. 

[0265] In the case where the driver element is to be 
mounted directly on the connection portion of the panel 
element substrate, the connecting portion of the sub- 
strate, on which the operation such as driver element 



mounting is to be effected, is the connection portion onto 
which the driver element is to be mounted. In the case 
where the junction substrate is connected to the con- 
nection portion, the connection portion of the substrate, 

5 on which the operation such as driver element mounting 
is to be effected, is the connection portion to which the 
junction substrate is to be connected. In the case where 
the driver element carrier substrate is connected to the 
connection portion, the connection portion, on which the 

10 operation such as driver element mounting is to be ef- 
fected, is the connection portion to which the driver el- 
ement cannier substrate is to be connected. 
[0266] In the case where the operation such as driver 
element mounting is to be effected on one of the two 

15 connection portions having the same extending direc- 
tion, the first surface of the holding jig is a surface on 
which the connection portion, to which the operation 
such as driver element mounting is to be effected, is laid 
via the other connection portion. 

20 [0267] The first surface of the holding jig may be a 
plane. Likewise, the second surface of the holding jig 
may be a plane. 

[0268] The holding jig may be provided with a stepped 
portion located between the first and second surfaces. 

25 [0269] The height of this stepped portion may be 
equal to or larger than a maximum height, which in- 
cludes a manufacturing error and is determined be- 
tween the multi-layer display panel surface directly laid 
on the first surface of the holding jig and the multi-layer 

30 display panel surface directly laid on the second sur- 
face. 

[0270] In the case where the operation such as driver 
element mounting is effected on one (first connection 
portion) of the two connection portions of the same ex- 

35 tending direction, the first connection portion is laid on 
the first surface of the holding jig via the other connec- 
tion portion (second connection portion) so that the mul- 
ti-layer display panel surface, which is directly laid on 
the holding jig first surface, is the second connection 

40 portion surface. 

[0271] By using the holding jig having the stepped 
portion of the above height, it is possible to suppress 
breakage of the substrate connection portion, a portion 
near the connection portion and the electrode on these 

45 portions due to buckling when, e.g., the connection por- 
tion is pressed toward the first surface of the holding jig 
for performing, e.g., the mounting of the driver element 
on the connection portion. 

[0272] The holding device may be further provided 
50 with a suction device for sucking the multi-layer display 
panel surface, which is to be directly laid on the first sur- 
face of the holding jig, to the first surface of the holding 
jig. The holding device may be further provided with a 
suction device for sucking the multi-layer display panel 
55 surface, which is to be directly laid on the second sur- 
face of the holding jig, to the second surface of the hold- 
ing jig. The suction device may be configured to perform 
air-suction. 
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[0273] The operation such as driver element rnqunt- 
ing may be perfornned while sucking the multi-layer dis- 
play panel surface toward the first and/or second sur- 
face(s). Thereby, shifting of the position of the multi-lay- 
er display panel can be prevented so that the operation 
such as driver element mounting can be perfornned 
more precisely. 

[0274] The holding device may be further provided 
with a pushing member for pushing the connection por- 
tion of the substrate of the panel element^ which is to be 
laid on the first surface of the holding jig and is to be 
subjected to the operation such as driver element 
mounting, toward the first surface of the holding jig. 
[0275] By performing, e.g., the mounting of the driver 
element while pushing the connection portion of the 
panel element substrate toward the first surface of the 
holding jig with the pushing member, positioning of the 
driver element and others can be easily performed, and 
the operation such as driver element mounting can be 
performed precisely. 

[0276] This pushing member may be provided with a 
window or recess for exposing a region, on which the 
driver element is to be mounted, of the connection por- 
tion to be subjected to operation such as driver element 
mounting, or a window or recess for pushing the con- 
nection portion toward the first surface while avoiding 
the mounted driver element already mounted thereon. 
[0277] This pushing member may be provided with a 
window or recess for exposing a region, to which the 
junction substrate is to be connected, of the connection 
portion to be subjected to the operation such as driver 
element mounting, or a window or recess for pushing 
the connection portion toward the first surface while 
avoiding the junction substrate already connected 
thereto. 

[0278] This pushing member may be provided with a 
window or recess for exposing a region, to which the 
driver element carrier substrate is to be connected, of 
the connection portion to be subjected to the operation 
such as driver element mounting, or a window or recess 
for pushing the connection portion toward the first sur- 
face while avoiding the driver element carrier substrate 
already connected thereto. 

[0279] The operation such as driver element mount- 
ing may be perfornned while performing the suction by 
the suction device and pushing the connection portion 
toward the first surface by the pushing member. 
[0280] In the case where the operation such as driver 
element mounting is to be perfomned on one of the two 
connection portions of the same extending direction, the 
connection portion to be subjected to the operation such 
as driver element mounting cannot be sufficiently 
sucked toward the first surface even if the connection 
portion to be subjected to the operation is sucked toward 
the first surface by the suction device via the other con- 
nection portion, the operation such as driver element 
mounting can be precisely perfornned by employing the 
pushing member. 



[0281 ] By adhering the two connection portions of the 
same extending direction by the adhesive as described 
above, the connection portion to be subjected to the op- 
eration such as driver element mounting can be reliably 
5 sucked to the holding jig first surface without employing 
the pushing member. Thereby, the operation such as 
driver element mounting can be reliably and easily per- 
formed. 

[0282] The operation such as driver element mount- 

10 -ing may be performed after mounting the driver element - 
on one of the two connection portions of the same ex- 
tending direction, in which case the holding jig may be 
provided with a concavity at first surface for fitting the 
mounted driver element thereto so that the mounted 

15 driver element may not impede the operation such as 
driver element mounting to the other connection portion. 
[0283] Likewise, in the case where the operation such 
as driver element mounting is performed after connect- 
ing the junction substrate or the driver element carrier 

20 substrate to one of the two connection portions of the 
same extending direction, the holding jig first surface 
may be provided with a concavity for fitting the connect- 
ed substrate thereto so that the connected substrate 
may not impede the operation such as driver element 

25 mounting to the other connection portion. 

[2-14] FIFTH TYPE OF METHOD OF 
MANUFACTURING MULTI-LAYER DISPLAY PANEL 

30 [0284] In thefollowing description, fifth type of method 
of manufacturing a multi-layer display panel is present- 
ed. 

[0285] The fifth type of manufacturing method is for 
producing a multi-layer display panel having a plurality 

35 of panel elements layered together 

[0286] The fifth type of manufacturing method in- 
cludes a preparing step and a connecting step. 
[0287] In the preparing step, a layered or multi-layer 
body formed of a plurality of panel elements layered to- 

40 gether is prepared. 

[0288] Each panel element of the layered body pre- 
pared in the preparing step has a display region portion 
and at least one connection portion. The connection por- 
tion extends from the display region portion, and has a 

43 surt^ace (external connection electrode formation sur- 
face) provided with an external connection electrode. 
The external connection electrode may be connected or 
linked to an electrode formed on the display region por- 
tion. In the case where a driver element (e.g., driver IC) 

50 Is directly mounted on the connection portion, the exter- 
nal connection electrode may be connected to a lead of 
the driver element. 

[0289] In the layered body^ the plurality of panel ele- 
ments are layered as follows. The plurality of panel el- 
55 ements are layered such thatthe display region portions 
of the respective panel elements overiap with each oth- 
er. Further, these plurality of panel elements are layered 
such that at least a portion (typically, a major or whole 
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portion) of the external connection electrode formation 
surface of the connection portion of each panel element 
is not hidden by any the other connection portion of the 
panel element. For example, the panel elements may 
be layered In the manners already described in connec- 
tion with the first, second and third types of multi-layer 
display panels (or the first, second and third types of 
manufactuhng methods), whereby the plurality of panel 
elements can be layered as described above. 
[0290] In the connection step of the fifth type of man- 
ufacturing method, a wiring substrate provided with an 
electrode is connected to the connection portion of the 
panel element, and the electrode on the wiring substrate 
Is connected to the external connection electrode of the 
connection portion of the panel element. For example, 
anisotropic conductive film may be used for connecting 
the electrode on the wiring substrate to the external con- 
nection electrode of the connection portion of the panel 
element. 

[0291] The wiring substrate, to be connected to the 
connection portion of the panel element in the connect- 
ing step, may be, e.g., a printed board. The electrode 
on the wiring substrate may be provided for connecting 
the external connection electrode on the connection 
portion of the panel element to the lead of the driver el- 
ement. The driver element may be mounted on the wir- 
ing substrate. In the case where the driver element is 
directly mounted on the connection portion of the panel 
element, the electrode on the wiring substrate may be 
provided for connecting the external connection elec- 
trode, which is connected to the driver element, on the 
connection portion of the panel element to the control 
portion of the driver device. 

[0292] In the connecting step, the connecting opera- 
tion of the wiring substrate may be performed while hold- 
ing at least one of the connection portions from a back 
side, opposite to the external connection electrode for- 
mation suri^ace, and while pushing the wiring substrate 
to the connection portion thus held. Holding of the con- 
nection portion may be perfomned by sucking the back 
side, opposite to the external connection electrode for- 
mation surface, of the connection portion toward the 
holding member (e.g., said holding jig of the holding de- 
vice). 

[0293] In the connecting step, the positioning be- 
tween the external connection electrode of the connec- 
tion portion and the electrode of the wiring substrate 
may be performed by adjusting the positional relation- 
ship between one or more mark(s) formed on the con- 
nection portion and one or more mark(s) fomned on the 
wiring substrate. By performing the positioning in this 
manner, the external connection electrode on the con- 
nection portion of the panel element and the electrode 
on the wiring substrate can be accurately connected 
with a predetermined positional relationship. 
[0294] In the fifth type of manufacturing method, the 
following attaching step may be additionally performed. 
[0295] In the attaching step, a driver IC (e.g. a lead 



for the driver IC) is attached to or mounted onto the ex- 
ternal connection electrode of the connection portion of 
the panel element. The attaching step is perfomied after 
the preparing step. The driver IC may be attached to the 
5 external connection electrode, e.g., by anisotropic con- 
ductive film. Either of the wiring substrate connection 
step and the driver IC attaching step may be performed 
prior to the other. 

[0296] The attaching step may be perfomned while 

10 holding at least one connection portion from a back side, 
which is the opposite side of the external connection 
electrode formation surface, and while pushing the driv- 
er IC to the connection portion thus held. The holding of 
the connection portion may be performed, e.g., by suck- 

15 ing the back side of the connection portion, opposite to 
the external connection electrode fomnat ion surface, of 
the connection portion of the panel element to a holding 
member such as said holding jig of the holding device. 
[0297] In the attaching step, the positioning or allgn- 

20 ment between the external connection electrode on the 
connection portion of the panel element and the driver 
IC (e.g. lead for the driver IC) may be performed by ad- 
justing the positional relationship between one or more 
mark(s) formed on the connection portion and one or 

25 more mark(s) formed on the driver IC. This positioning 
enables accurate connection between the external con- 
nection electrode and the driver IC with a predetemnined 
positional relationship. 

[0298] Unless a particular disadvantage occurs, the 
30 matters already described with respect to the first, sec- 
ond and third types of multi-layer display panels can be 
true also with respect to the multi-layer display panel 
manufactured by thefifth type of manufacturing method. 
Unless a particular disadvantage arises, the matters al- 
35 ready described with respect to the first, second and 
third types of manufacturing methods can be true also 
with respect to the fifth type of manufacturing method. 

[3-1] HOLDING DEVICE 

40 

[0299] In the foregoing description, the holding device 
for holding the multi-layer display panel is already de- 
scribed, which is summarized in that as follows. 
[0300] The holding device is used for holding a multi- 
45 layer display panel including a plurality of panel ele- 
ments layered together. 

[0301] In the multi-layer display panel to be held by 
the holding device, each of the panel elements has a 
pair of substrates. The multi-layer display panel has a 

50 lap-over portion where the panel elements are overiap- 
ping to each other, and a projected portion, projected 
from the lap-over portion, of the substrate of the panel 
element. That is, the substrate is provided with the pro- 
jected portion projected from the lap-over portion. 

55 [0302] The holding device is used when mounting a 
driver element onto the projected portion of the sub- 
strate of the panel element or when connecting a third 
substrate to the projected portion of the substrate of the 



25 



NSDOCID: <EP 1 139156A2J_> 



49 



EP 1 139 156 A2 



50 



pa n eLe I e m e n t . 

[0303] The holding device has a holding jig having a 
first surface for laying the projected portion of the sub- 
strate of the panel element thereon, a second surface 
for laying the lap-over portion of the multi-layer display 
panel thereon, and a stepped portion formed between 
the first and second surfaces. 

[0304] In the holding device, the stepped portion has 
a height equal to or larger than a maximum height, in- 
cluding a manufacturing error of the multi-layer display 
panel, between a surface, directly laid on the first sur- 
face of the holding jig, of the multi-layer display panel 
and a surface, directly laid on the second surface of the 
holding jig, of the multi-layer display panel. 
[0305] This holding device can be used not only for 
holding the first to third types of multi-layer display pan- 
els but also for holding another multi-layer display panel. 
[0306] The holding device can be utilized when 
mounting ihe driver element and/or when connecting 
the third substrate such as the junction substrate, the 
driver element carrier substrate or the wiring substrate. 
[0307] In the first, second and third types of multi -lay- 
er display panels described above, the substrate pro- 
jected portion may be the connection portion for con- 
nection of the driver element. 

[0308] As already described, the holding device may 
be further provided with a suction device for sucking the 
multi-layer display panel surface, which is to be directly 
laid on the first surface of the holding jig, toward the first 
surface. 

[0309] The holding device may be further provided 
with a pushing member for pushing the substrate pro- 
jected portion, which is to be laid on the first surface of 
the holding jig, toward the first surface. The pushing 
member may be provided with a window or recess for 
exposing a driver element mounting region, onto which 
the driver element is to be mounted, of the substrate pro- 
jected portion to be laid on the first surface of the holding 
jig. The pushing member may be provided with a win- 
dow or recess for exposing a connection region, to 
which the third substrate such as the junction substrate 
is to be connected, of the substrate projected portion to 
be laid on the first surface of the holding jig. 

[3-2] PRESSURE-BONDING JIG (COMPRESSION 
BONDING JIG) 

[0310] In the foregoing description, the pressure- 
bonding jig (compression bonding jig) is already de- 
scribed in detail, which is summarized in that as follows. 
[031 1 ] The pressure-bonding jig is used for mounting 
a driver element having a bump onto a substrate. 
[0312] The pressure-bonding jig has a pressure- 
bonding base member to be disposed at a back side of 
the substrate. The back side is opposite to a side, onto 
which the driver element is to be mounted, of the sub- 
strate. 

[0313] In the pressure-bonding jig, the pressure- 



bonding base member has a raised portion in a position 
to be opposed to the bump of the driver element. 
[0314] This pressure-bonding jig can be utilized not 
only for the mounting of the driver element in the first to 
5 third types of multi-layer display panel but also for the 
mounting of the driver element in another multi-layer dis- 
play panel. 

[0315] As already described, the outer periphery of 
the raised portion of the pressure-bonding base mem- 
10 ber may be smaller than the outerperiphery of the bump 
of the driver element. 

[3-3] DRIVER ELEMENT MOUNTING METHOD 

15 [0316] In the foregoing description, the driver element 
mounting method for mounting driver elements in over- 
lapping positions on two substrate surfaces is already 
described, which is summarized in that as follows. 
[0317] The driver element mounting method is for 

20 mounting two driver elements in overlapping positions 
on two substrate surfaces, respectively. In other words, 
Thedriverelement mounting method is for mounting the 
two driver elements onto two substrate surfaces to lo- 
cate the driver element mounted on one of the two sub- 

25 strate surfaces in a position overlapping to the driver el- 
ement mounted on the other substrate surface. The two 
substrate surfaces may be of the same substrate, or of 
different substrates. 

[0318] The driver element mounting method Includes: 

30 

a provisional adhering step of provisionally adher- 
ing at least one of the driver elements to the sub- 
strate surface; and 

a complete adhering step of simultaneously and 
35 completely adhering the two driver elements to the 
substrate surfaces. 

[0319] The provisional adhering step and complete 
adhering step may be perfomned such that one (first 

40 driver element) of the two driver elements (first and sec- 
ond driver elements) is provisionally adhered to the one 
(first substrate surface) of the two substrate surfaces 
(first and second substrate surfaces), and thereafter the 
first and second driver elements are completely and si- 

45 multaneously adhered to the respective first and second 
substrates. 

[0320] Alternatively, the provisional adhering step and 
complete adhering step may be performed such that the 
first and second driver elements are provisionally ad- 

50 hered to the respective first and second substrate sur- 
faces, and thereafter the first and second driver ele- 
ments are completely and simultaneously adhered to 
the respective first and second substrate surfaces. 
[0321] This driver element mounting method can be 

55 used for mounting driver elements onto the connection 
portions of the same extending direction to locate the 
driver element mounted one of the connection portions 
in the position overiapping to the driver element mount- 
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ed on the other connection portion, in the first, second 
and third types of nnulti-layer display panels. 
[0322] This driver element nnounting method can be 
utilized not only for mounting the driver element in the 
first, second and third types of multi-layer display panels 
but also for mounting the driver element in another multi- 
layer display panel. 

[0323] As already described, the provisional adhering 
step and the complete adhering step may be performed 
by disposing an anisotropic conductive adhesive be- 
tween the driver element and the substrate surface, and 
applying a heat and a pressure to the anisotropic con- 
ductive adhesive. The heat and the pressure applied in 
the provisional adhering step may be smaller than the 
heat and the pressure applied in the complete adhering 
step. 

[0324] [4] Preferred embodiments will now be de- 
scribed with reference to the drawings. 
[0325] [4-1] Figs. 1(A) and 1(B) are schematic per- 
spective views of an example of the multi-layer display 
panel, i.e., a multi-layer liquid crystal display panel (mul- 
ti-layer LCD panel) DPI . Fig. 1 (A) shows the display 
panel DPI viewed from the observation side (front side), 
and Fig. 1 (B) shows the display panel DPI viewed from 
the back side, which is opposite side of the observation 
side. 

[0326] Figs. 2(A) and 2(B) are plans showing the front 
side and the back side of the multi-layer LCD panel DPI, 
respectively. Figs. 3(A) and 3(B) show schematic cross 
sections of the display panel DP1 taken along lines 3A- 
3A and 3B-3B in Fig. 2(A). respectively. 
[0327] The multi-layer LCD panel DPI is a liquid crys- 
tal display panel of a reflection type. 
[0328] The multi-layer LCD panel DPI has three pan- 
el elements PEb, PEg and PEr layered together as 
shown in Fig. 3(A) and others. 

[0329] Each of the panel elements PEb, PEg and PEr 
is of the reflection type. The panel elements PEb, PEg 
and PEr are provided for display in blue, green and red, 
respectively. As will be described later in greater detail, 
the panel elements PEb, PEg and PEr include liquid 
crystal having selective reflection wavelengths in blue, 
green and red ranges, respectively. 
[0330] The display by the multi-layer LCD panel DPI 
is viewed from the side of the panel element PEb (i.e., 
upper side in Fig. 3(A)). The panel element PEb is lo- 
cated nearest to the observation side, and the panel el- 
ement PEr is located remotest from the observation 
side. 

[0331] In the following description, the side viewed 
from the observation side may be referred to as front 
side, and the side remote from the observation side may 
be referred to as back side. In Fig. 2(A), the upper, lower, 
left and right sides of the multi-layer LCD panel DPI and 
the parts (e.g., the panel elements) thereof may be re- 
ferred to as north (N), south (S), west (W) and east (E) 
sides, respectively. 

[0332] A black light absorber layer BK is arranged on 



the back side of the panel element PEr located remotest 
from the observation side as shown in Figs. 3(A) and 3 
(B). In the figures other than Figs. 3(A) and 3(B), the 
tight absorber layer BK is not shown. 

5 [0333] The multi-layer LCD panel DPI has a lap-over 
portion where the panel elements PEb, PEg and PEr are 
overlapping with each other. In the multi-layer LCD pan- 
el DPI , a central portion of the lap-over portion is utilized 
as a display region, as shown in Fig. 4. The display re- 

10 gion is rectangular. Fig. 4 is a plan of the display panel 
DP1 viewed from the front side. 

[0334] The neighboring panel elements are adhered 
together by an adhesive 2 as shown in Figs. 3(A) and 3 
(B). In the figures other than Figs. 3(A) and 3(B), the 

15 adhesive 2 is not shown. In this example, an adhesive 
film is employed as the adhesive 2. Instead of the ad- 
hesive film, double-faced tape or liquid adhesive may 
be used as the adhesive. The double-faced tape may 
include, e.g., acrylic adhesive. The liquid adhesive may 

20 be ultraviolet -curing resin orthemnosetting silicone-con- 
taining adhesive. The liquid adhesive may be solidified 
by appropriate processing (e.g., irradiation with ultravi- 
olet light or heating) depending on the adhesive after 
overlaying the panel elements. Since the adhesive film 

25 does not have a base film in contrast to the double-faced 
tape, the whole transparency of the display panel DP1 
can be increased. 

[0335] Each of the panel elements has a pair of sub- 
strates, between which a layer of the liquid crystal is 
30 held. In each panel element, each of the substrate is 
provided with an electrode for performing simple matrix 
driving of the panel element. 

[0336] [4-2] Basic structures of the blue panel element 
PEb will now be described. 
35 [0337] The panel element PEb has a pair of sub- 
strates Sbr and Sbc spaced by a predetermined dis- 
tance from each other 

[0338] The substrates Sbr and Sbc in this example 
are formed of polycariDonate (PC) film. The substrates 
40 Sbr and Sbc have different sizes, but both are rectan- 
gular. 

[0339] A column electrode Ec, an insulating film II 
and an orientation film A1 are successively fomned on 
the substrate Sbc as shown in Figs. 3(A) and 3(B). The 

45 substrate Sbc provided with the column electrode Ec 
may be referred to as column substrate hereinafter. 
[0340] A row electrode Er, an insulating film 12 and an 
orientation film A2 are successively formed on the sub- 
strate Sbr. The substrate Sbr provided with the row elec- 

50 trode Er may be referred to as row substrate in the fol- 
lowing description. 

[0341 ] The column electrode Ec and row electrode Er 
in this example are both made of ITO. 
[0342] The column electrode Ec includes a plurality of 
55 parallel belt-like electrodes an-anged with predeter- 
mined pitches in the display region. Likewise, the row 
electrode Er includes a plurality of parallel belt-like elec- 
trodes arranged with predetermined pitches in the dis- 



27 



NSDOCID: <EP 1139156A2J_> 



53 



EP 1 139 156 A2 



54 



play region. The column and row electrodes Ec and Er 
extend perpendicularly to each other in the display re- 
gion. 

[0343] The colunnn electrode Ec and others are 
formed on a surface, opposed to the row substrate Sbr, 
of the substrate Sbc. Likewise, the row electrode Erand 
others are fonned on a surface, opposed to the colunnn 
substrate Sbc, of the substrate Sbr. The surface, on 
which the electrode is formed, of the substrate may be 
referred as electrode formation surface hereinafter 
[0344] A liquid crystal layer LCLb is held between the 
substrate Sbc provided with the column electrode Ec 
and the substrate Sbr provided with the row electrode 
Er 

[0345] The liquid crystal layer LCLb contains the liquid 
crystal LCb having the selective reflection wavelength 
in the blue range. The liquid crystal LCb in this example 
is a chiral nematic liquid crystal exhibiting a cholesteric 
phase In a room temperature. The liquid crystal layer 
LCLb includes, in addition to the liquid crystal LCb, spac- 
ers SP and columnar resin structures 3. 
[0346] The spacer SP is arranged between the sub- 
strates Sbc and Sbr for controliing a thickness of the 
liquid crystal layer LCLb (thickness of liquid crystal LCb). 
[0347] The columnar resin structure 3 is adhered to 
both the orientation films A1 and A2 on the substrates 
Sbc and Sbr. Thereby, the substrates Sbc and Sbr are 
adhered together. The columnar resin structure 3 in- 
creases the whole strength of the panel element PEb. 
[0348] A seal wall SW made of resin is arranged at a 
peripheral portion of the liquid crystal layer LCLb be- 
tween the substrates Sbc and Sbr for preventing leak- 
age of the liquid crystal held between the substrates Sbc 
and Sbr. 

[0349] [4-3] The basic structure of the blue panel el- 
ement PEb has been described. The green and red pan- 
el elements PEg and PEr have the basic structures sim- 
ilar to that of the blue panel element PEb. The basic 
structures of the green and red panel elements PEg and 
PEr will be briefly described below. 
[0350] The green panel element PEg has a column 
substrate Sgc provided with a column electrode Ec and 
a row substrate Sgr provided with a row electrode Er. In 
addition to the column electrode, the column substrate 
Sgc is also provided with an insulating film II and an 
orientation film A1 . In addition to the row electrode, the 
row substrate Sgr is further provided with an insulating 
film 12 and an orientation film A2. In the green panel el- 
ement PEg, a liquid crystal layer LCLg is arranged be- 
tween the substrates Sgc and Sgr The liquid crystal lay- 
er LCLg includes a liquid crystal LCg having the selec- 
tive reflection wavelength in the green range. 
[0351] The red panel element PEr has a column sub- 
strate Src provided with a column electrode Ec and a 
row substrate Srr provided with a row electrode Er. In 
addition to the column electrode, the column substrate 
Src is also provided with an insulating film 11 and an ori- 
entation film A1 . In addition to the row electrode, the row 



substrate Srr is further provided with an insulating film 
12 and an orientation film A2. In the red panel element 
PEr, a liquid crystal layer LCLr is arranged between the 
substrates Src and Srr. The liquid crystal layer LCLr in- 
5 eludes a liquid crystal LCr having the selective reflection 
wavelength in the red range. 

[0352] [4-4] As described above, each panel element 
is provided with the column and row electrodes for per- 
forming the simple matrix drive. 

10 [0353] When performing the simple matrix drive of 
each panel element, the column electrode of each panel 
element is used as a scanning electrode in this example, 
and the row electrode of each panel element is used as 
a signal electrode (data electrode). 

^5 [0354] Fig. 5 is a schematic block diagram showing 
an example (driver device 8) of a driver device of the 
multi-layer LCD panel DPI for performing the full color 
display by performing the simple matrix driving of the 
respective panel elements. 

20 [0355] The driver device 8 has scanning electrode 
driver ICs 81b, 81 g and 81 r for driving the row electrodes 
(scanning electrodes) Er of the panel elements PEb, 
PEg and PEr. The driver device 8 further has signal elec- 
trode driver ICs 82b, 82g and 82r for driving the column 

25 electrodes (signal electrodes) Ec of the panel elements 
PEb, PEg and PEr. 

[0356] These driver ICs are controlled by a control 
portion (control unit) 83. The control portion 83 applies 
a voltage across the column and row electrodes of each 
30 panel element via the driver ICs for driving each panel 
element to perform image display. The manner of driving 
each panel element by the driver device 8 will be de- 
scribed later in greater detail. 

[0357] [4-5] In the multi-layer LCD panel DP1 , each 
35 of the scanning electrode driver ICs and the signal elec- 
trode driver ICs is directly mounted on the correspond- 
ing substrate of the panel element, as shown in Fig. 6. 
More specifically, a so-called COF (Chip On Film) struc- 
ture is employed in the multi-layer LCD panel DPI . 
40 [0358] Fig. 1 (A) and others show the display panel 
DPI not carrying the driver ICs, and the positions for 
mounting the driver ICs are indicated by dotted line. 
[0359] By directly mounting the driver IC on the sub- 
strate of the panel element, the electrode formed on the 
^5 substrate is connected to the driver IC mounted on the 
same substrate. 

[0360] Each driver IC mounted on the substrate of the 
panel element is connected to the control portion 83 via 
a junction substrate connected to each substrate. 

50 [0361] In the blue panel element PEb, junction sub- 
strates 841 b and 842b are connected to the substrates 
Sbr carrying the driver IC 81b and the substrate Sbc car- 
rying the driver IC 82b, respectively. 
[0362] In the green panel element PEg, junction sub- 

55 strates 841 g and 842g are connected to the substrate 
Sgr carrying the driver IC 81 g and the substrate Sgc car- 
rying the driver IC 82g, respectively 
[0363] In the red panel element PEr, junction sub- 
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strates 841 r and 842r are connected to the substrate Srr 
carrying the driver IC 81 r and the substrate Src carrying 
the driver IC 82r, respectively 

[0364] [4-6] In the multi-layer LCD panel DPI , the re- 
spective substrates of the panel etennents overlap with 5 
each other in the following fashion for mounting the driv- 
er ICS directly on each substrate and other purposes. 
The three panel elements PEb, PEg and PEr overlap as 
follows. 

[0365] In each panel element, the rectangular column io 
substrate and the rectangular row substrate overlap with 
each other to fomn an L-shapedfonn with the liquid crys- 
tal layer therebetween. 

[0366] The liquid crystal layer is located between the 
portion of the column substrate overlapping with the row ^5 
substrate and the portion of the row substrate overlap- 
ping with the column substrate. 

[0367] The three panel elements PEb, PEg and PEr 
overlap with each other such that the overlapping por- 
tions of the column and row substrates in each panel 
element overlap with the other overlapping portions of 
the other panel elements. In this example, all the over- 
lapping portions of the column and row substrates in the 
respective panel elements have the same sizes, and the 
three panel elements overlap not to cause shifting be- 25 
tween these portions. 

[0368] Owing to the above structures, each substrate 
of each panel element has the following portions. De- 
scription will now be given with reference to Fig. 7 show- 
ing an exploded view of the multi-layer LCD panel DP1 . 30 
Fig. 7 shows only the substrates of each panel element, 
and does not show the liquid crystal layers and others. 
[0369] The row substrate Sbr of the blue panel ele- 
ment PEb has an overlap portion SbrO overlapping with 
all the other five substrates Sbc, Sgc, Sgr Srr and Src, 35 
and a connection portion SbrC for connecting the row 
electrode Er on the substrate Sbr to the driver IC. 
[0370] Likewise, the column substrate Sbc of the blue 
panel element PEb has an overlap portion SbcO over- 
lapping with all the other five substrates, and a connec- 
tion portion SbcC for connecting the column electrode 
Ec on the substrate Sbc to the driver IC. 
[0371] The column substrate Sgc of the green panel 
element PEg has an overlap portion SgcO overlapping 
with all the other five substrates, and a connection por- ^5 
tion SgcC for connecting the column electrode Ec on the 
substrate Sgc to the driver IC. 

[0372] The row substrate Sgr of the green panel ele- 
ment PEg has an overlap portion SgrO overlapping with 
all the other five substrates, and a connection portion so 
SgrC for connecting the row electrode Er on the sub- 
strate Sgr to the driver IC. 

[0373] The row substrate Sn- of the red panel element 
PEr has an overlap portion Sn-O overiapping with all the 
other five substrates, and a connection portion SrrC for 55 
connecting the row electrode Er on the substrate Srr to 
the driver IC. 

[0374] The column substrate Src of the red panel el- 



ement PEr has an overiap portion SrcO overlapping with 
all the other five substrates, and a connection portion 
SrcC for connecting the column electrode Ec on the sub- 
strate Src to the driver IC. 

[0375] The connection portion SbrC of the row sub- 
strate Sbr of the blue panel element PEb extends from 
the overiap portion SbrO in the same direction as the 
row electrode Er on the row substrate Sbr extending in 
the display region. The connection portion SbrC is a 
substrate portion for mounting the scanning electrode 
driver IC 81b and for connecting the junction substrate 
841b. The connection portion SbrC is provided with an 
electrode pattern for connecting the row electrode Er to 
an output lead of the driver tC 81 b. More specifically, the 
connection portion SbrC is provided with an electrode 
pattern for transfomning the pitch of the row electrode 
Er in the display region to an output lead pitch of the 
driver IC 81b. The connection portion SbrC is also pro- 
vided with an electrode pattern for connecting an input 
lead of the driver IC 81b to the junction substrate 841 b. 
The above is also true with respect to the connection 
portions of the other substrates. 

[0376] In the blue panel element PEb, the extending 
direction of the connection portion SbrC of the row sub- 
strate Sbr and the extending direction of the connection 
portion SbcC of the column substrate Sbc, with respect 
to a center defined by the overiap portions of the row 
and column substrates Sbr and Sbc, form an angle of 
90 degrees. This is true also with respect to the other 
panel elements. 

[0377] The connection portion of each substrate is a 
substrate projected portion projecting outward from the 
tap-over portion, where three panel elements (six panel 
element substrates) are overiapping to each other, 
when viewing the whole display panel DPI (see Fig. 1 
(A) and others). 

[0378] The substrates of the respective panel ele- 
ments are layered in the following order. From the ob- 
servation side, 

the row substrate Sbr of blue panel element PEb, 
the column substrate Sbc of blue panel element 
PEb, 

the column substrate Sgc of green panel element 
PEg, 

the row substrate Sgr of green panel element PEg, 
the row substrate Srr of red panel element PEr and 
the column substrate Src of red panel element PEr 
are layered in this order. 

[0379] In the multi-layer LCD panel DP1 , the neigh- 
boring two substrates of the neighboring two panel ele- 
ments are both the column substrates or the row sub- 
strates. 

[0380] In the multi-layer LCD panel DP1 , the connec- 
tion portions of the neighboring two substrates of the 
neighboring two panel elements extend in the same di- 
rection. 
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[0381 ] More specifically, the extending direction of the 
conneetion portion SbcG ot the column substrate Sbc of 
the blue panel element PEb is the same as the extend- 
ing direction of the connection portion SgcC of the col- 
umn substrate Sgc, neighboring to the column substrate 
Sbc, of the green panel element PEg. These connection 
portions SbcC and SgcC extending in the same direc- 
tion have the same width in their extending direction. 
The width of these connection portions is determined to 
be equal to a minimum value, which is required for 
mounting the driver IC and connecting the junction sub- 
strate. The widths of the other connection portions of the 
substrates are determined in the same manner 
[0382] The extending direction of the connection por- 
tion SgrC of the row substrate Sgr of the green panel 
element PEg is the same as the extending direction of 
the connection portion SrrC of the row substrate Srr, 
neighboring to the row substrate Sgr, of the red panel 
element PEr. These connection portions SgrC and SrrC 
extending in the same direction have the same width in 
their extending direction. 

[0383] In the multi-layer LCD panel DP1 , the extend- 
ing directions of the connection portions of the respec- 
tive substrates are angularly shifted by 90 degrees as 
follows. 

[0384] The extending directions are shifted by 90 de- 
grees in the order of: 

(1 ) the extending direction of the connection portion 
SbrC of row substrate Sbr of blue panel element 
PEb 

(= east direction), 

(2) the extending direction of the connection portion 
SbcC of column substrate Sbc of blue panel ele- 
ment PEb 

(= the extending direction of the connection portion 
SgcC of column substrate Sgc of green panel ele- 
ment PEg 

= south direction), 

(3) the extending direction of the connection portion 
SgrC of row substrate Sgr of green panel element 
PEg 

(= the extending direction of the connection 
portion SrrC of row substrate Srr of red panel ele- 
ment PEr 

= west direction), and 

(4) the extending direction of the connection portion 
SrcC of column substrate Src of red panel element 
PEr 

(= north direction). 

[0385] Owing to the above, the multi-layer LCD panel 
D P1 is configured such that the electrode formation sur- 
face (driver IC mounting surface) of each substrate con- 
nection portion is not hidden by the other substrates, 
and is exposed. 

[0386] As shown in Fig. 2(A), the electrode formation 
surfaces of the connection portion SbcC of column sub- 



strate Sbc of blue panel element PEb, the connection 
portion SgrC of row substrate Sgr of green panel ele- 
ment PEg and the connection portion SrcC of column 
substrate Src of red panel element PEr are exposed on 

5 the front side. 

[0387] As shown in Fig. 2(B), the electrode formation 
surfaces of the connection portion SrrC of row substrate 
Srr of red panel element PEr, the connection portion 
SgcC of column substrate Sgc of green panel element 

10 PEg and the connection portion SbrC of row substrate 
Sbr of blue panel element PEb are exposed on the back 
side. 

[0388] On the east side, the connection portion other 
than the connection portion SbrC of row substrate Sbr 
15 of blue panel element PEb does not project, and there- 
fore the electrode formation surface of this connection 
portion SbrC is exposed. 

[0389] Likewise, on the north side, the connection 
portion other than the connection portion SrcC of col- 

20 umn substrate Src of red panel element PEr does not 
project, and therefore the electrode formation surface of 
this connection portion SrcC is exposed. 
[0390] On the south side, the two connection portions 
SbcC and SgcC of the column substrates Sbc and Sgc 

25 of the blue and green panel elements PEb and PEg 
project, but the electrode forrnation surfaces of these 
connection portions are located on the front and rear 
sides, respectively, so that these two electrode forma- 
tion surfaces are exposed. Although these two connec- 

30 tion portions have the same width, the electrode forma- 
tion surfaces of these two connection portions are ex- 
posed. 

[0391 ] Likewise, on the west side, the two connection 
portions SgrC and SrrC of the row substrates Sgr and 

35 Srr of green and red panel elements PEg and PEr 
project, but the electrode fomnation surfaces of these 
connection portions are exposed for the similar reason. 
Although these two connection portions have the same 
width, the electrode formation surfaces of these two 

40 connection portions are exposed. 

[0392] Accordingly, when manufacturing the multi- 
layer LCD panel DP1 , the driver ICs can be connected 
to the respective substrates after overlaying the respec- 
tive panel elements, as will be described later in con- 

45 nection with the manufacturing method. Also, the junc- 
tion substrates can be connected to the respective sub- 
strates after overlaying the panel elements. This facili- 
tates the manufacturing of the multi-layer LCD panel 
DPI. 

50 [0393] In the multi-layer LCD panel DP1 , the row sub- 
strates Sbr, Sgr and Srr of the respective panel elements 
have the same form and size, and carry the row elec- 
trodes of the same pattern. Likewise, the column sub- 
strates Sbc, Sgc and Src of the respective panel ele- 

55 ments have the same form and size, and carry the col- 
umn electrodes of the same pattern. Accordingly, parts 
(substrates and others) required for producing the dis- 
play panel DP1 can be small in number. This improves 
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the manufacturing efficiency. 

[0394] After mounting the driver ICs on the respective 
connection portions, and connecting the junction sub- 
strate to the respective connection portions as shown in 
Fig. 6, for reducing the frame width and size of the multi- 
layer LCD panel DP1, each of the junction substrates 
may be folded toward the back side of the multi-layer 
LCD panel DP1 as shown in Fig. 5, more specifically, 
each of the junction substrates may be folded such that 
an end portion, opposite to an end portion connecting 
to the panel element substrate, of the junction substrate 
is located at the back side. For example, a flexible sub- 
strate may be employed as the junction substrate for al- 
lowing the above folding. 

[0395] [5] Each substrate of each panel element may 
be provided with an extending portion, which extends 
from the overlap portion overlapping with all the other 
substrates, and is not used as a connection portion for 
connecting the electrode on the substrate to a driver el- 
ement (e.g., driver IC). The multi-layer LCD panel hav- 
ing such an extending portion is shown in Fig. 9. 
[0396] A multi-layer LCD panel DP2 shown in Fig. 9 
is different from the multi-layer LCD panel DPI in Fig. 1 
(A) except for the following. 

[0397] In the multi-layer LCD panel DP2, the row sub- 
strate Sbrof the blue panel element PEb has the overlap 
portion SbrO overlapping with all the other substrates 
and the connection portion SbrC extending toward the 
east side and used for mounting the driver IC, and fur- 
ther has an extending portion SbrW extended toward 
the west side. 

[0398] The extending portion SbrW extends in the 
same direction as the extending portion SgrC of the sub- 
strate Sgr, but only has a width, which does not impede 
the mounting of the driver IC on the connection portion 
SgrC and the connection of the junction substrate to the 
connection portion SgrC. Therefore, operation such as 
mounting of the driver IC on the connection portion SgrC 
is not impeded. 

[0399] In view of circumstances or the like when pro- 
ducing the multi-layer LCD panel DP2, the substrate of 
the panel element may have the extending portion not 
used as the connection portion, if it does not impede the 
operation such as mounting of the driver IC, as de- 
scribed above. 

[0400] [6] In the multi-layer LCD panel DPI shown in 
Fig. 1(A) and others, the neighboring substrates of the 
neighboring panel elements are adhered together only 
at their overlap portions by the adhesive 2. However, the 
neighboring substrates of the neighboring panel ele- 
ments may be adhered together by the adhesive at their 
connection portions extending in the same direction in 
addition to their overlap portions, as is done in a multi- 
layer LCD panel DP3 shown in Fig. 10. 
[0401] In Fig. 10, the connection portion SgrC of the 
substrate Sgr and the connection portion SrrC of the 
substrate Srr are adhered together by the adhesive 2. 
The connection portions of the same extending direc- 



tion, which are not shown, are likewise adhered by the 
adhesive. 

[0402] By adhering the connection portions of the 
same extending direction, the strength of these connec- 

5 tion portions can be increased. Thereby, damages to the 
electrodes on these connection portions can be sup- 
pressed. Also, operations such as mounting of the driver 
ICs on the two connection portions of the same extend- 
ing direction can be perfomned easily, as will be de- 

10 scribed in greater detail with respect to the manufactur- 
ing method. 

[0403] [7] In the multi-layer LCD panel DP1 shown in 
Fig, 6, the driver IC is directly mounted on each sub- 
strate for connecting the electrode on the substrate to 

15 the driver IC. However, a driver IC carrier substrate car- 
rying the driver IC may be connected to the substrate of 
the panel element for connecting the electrode on the 
panel element substrate to the driver IC. 
[0404] Fig. 11 shows a multi-layer LCD panel having 

20 such a structure. 

[0405] In a multi-layer LCD panel DP4 shown in Fig. 
11 , a driver IC carrier substrate 88 carrying the driver IC 
is connected to each substrate of each panel element. 
Each driver IC carrier substrate 88 is so called a TCP 

25 (Tape Carrier Package). The driver IC carrier substrate 
88 is a flexible substrate. 

[0406] A junction substrate 89 is connected to each 
driver IC carrier substrate 88. This junction substrate 89 
is provided for connecting the driver IC on the driver IC 
30 carrier substrate 88 to the control portion 83 of the driver 
device 8. 

[0407] Each driver IC carrier substrate 88 or each 
junction substrate 89 may be folded toward the back 
side of the multi-layer LCD panel DP4, similarly to the 

35 junction substrate shown in Fig. 8, whereby the frame 
width of the multi-layer LCD panel DP4 can be reduced. 
[0408] In the multi-layer LCD panel DP4, it is merely 
required to connect only the driver IC carrier substrate 
88 to the connection portion of each panel element sub- 

40 strate. Therefore, the width of each connection portion 
can be reduced, and therefore the frame width can be 
reduced, as compared with the multi-layer LCD panel 
DP1 shown in Fig. 6. 

[0409] [8] Figs. 12(A) and 12(B) are schematic per- 
45 spective views of still another example of the multi-layer 
LCD panel. 

[0410] A multi-layer LCD panel DPS shown in Figs. 
12(A) and 12(B) has two liquid crystal panel elements 
PEb and PEg layered together. 
50 [0411] The panel elements PEb and PEg of the dis- 
play panel DPS have the same basic structures as the 
panel element of the display panel DPI shown in Fig. 1 
(A). 

[0412] In the multi-layer LCD panel DPS, the row sub- 
55 strate Sbr of blue panel element PEb, the column sub- 
strate Sbc of blue panel element PEb, the column sub- 
strate Sgc of green panel element PEg and the row sub- 
strate Sgr of green panel element PEg are layered in 
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this order from the observation side. 
[041 3] That Is, in the multi-layer LCD panel DPS, the 
inner substrate Sbc of blue panel elennent PEb and the 
inner substrate Sgc of green panel element PEg are the 
column substrates, respectively. 

[0414] In the multi-layer LCD panel DPS, the connec- 
tion portions of the neighboring two substrates of the 
neighboring two panel elements extend in the same di- 
rection. That is, the connection portions of the inner sub- 
strates extend in the same direction. 
[0415] In the multi-layer LCD panel DPS, the extend- 
ing directions of the connection portions of the sub- 
strates are angulariy shifted by 90 degrees in the follow- 
ing order: 

(1 ) the extending direction of the connection portion 
SbrC of row substrate Sbr of blue panel element 
PEb, 

(2) the extending direction of the connection portion 
SbcC of column substrate Sbc of blue panel ele- 
ment PEb 

{= the extending direction of the connection 
portion SgcC of column substrate Sgc of green pan- 
el element PEg), and 

(3) the extending direction of the connection portion 
SgrC of row substrate Sgr of green panel element 
PEg. 

[041 6] Owing to the above structure, ail the electrode 
fomnation surfaces of the substrate connection portions 
are exposed in the multi-layer LCD panel DPS, similarly 
to the display panel DPI in Fig. 1(A). 
[041 7] In the process of producing the multi-layer LCD 
panel DPS, therefore, the driver IC can be mounted onto 
each substrate after overiaying the panel elements to- 
gether Further, the junction substrate can be connected 
to each panel element substrate after overlaying the 
panel elements. Thereby, the multi-layer LCD panel 
DPS can be easily produced. 

[0418] In the multi-layer LCD panel DPS having two 
panel elements layered together, the connection por- 
tions extend in three directions so that the frame width 
can be smaller than those in display panels DPS and 
DP7, each of which has two panel elements layered to- 
gether as will be described later 
[0419] The multi-layer LCD panel DPS has the same 
structure as the multi-layer LCD panel DP1 shown in 
Fig. 1 (A) except that the panel element PEr, located in 
the position remotest from the observation side, is elim- 
inated in the multi-layer LCD panel DPS. 
[0420] Also in a multi-layer LCD panel (not shown) 
having two layered panel elements, and having the 
same structure as the display panel DP1 shown in Fig. 
1 (A) except that the panel element PEb, located nearest 
to the observation side, is removed, each of the elec- 
trode fomnation surfaces of the connection portions can 
be exposed, and the four connection portions can ex- 
tend only in three directions, similar to the display panel 



DPS. 

[0421] [9] Figs. 13(A) and 13(B) are schematic per- 
spective views showing further another example of the 
multi-layer LCD panel. 
5 [0422] The multi-layer LCD panel DPS shown in Figs. 
13(A) and 13(B) has two liquid crystal panel elements 
PEb and PEr layered together 

[0423] The basic structures of the panel elements 
PEb and PEr of the display panel DPS are the same as 
10^ those of the panel elements of the display panel DF1 
shown in Fig. 1(A). 

[0424] The substrates of the respective panel ele- 
ments are layered in the following order 
[0425] From the observation side, the row substrate 

15 Sbr of blue panel element PEb, the column substrate 
Sbc of blue panel element PEb, the row substrate Srr of 
red panel element PEr and the column substrate Src of 
red panel element PEr are layered in this order 
[0426] In the multi-layer LCD panel DP6, the exlend- 

20 ing directions of the respective connection portions of 
the substrates are different, and are shifted by 90 de- 
grees in a predetermined order 

[0427] More specifically, the extending directions of 
the connection portions are shifted by 90 degrees in the 
25 following order: 

(1) The extending direction of the connection por- 
tion Sbrc of row substrate Sbr of blue panel element 
PEb, 

30 (2) the extending direction of the connection portion 
SbcC of column substrate Sbc of blue panel ele- 
rnent PEb, 

(3) the extending direction of the connection portion 
SrrC of row substrate Srr of red panel element PEr, 

35 and 

(4) the extending direction of the connection portion 
SrcC of column substrate Src of red panel element 
PEr 

40 [0428] Owing to the above structure, all the electrode 
formation surfaces of the substrate connection portions 
are exposed in the multi-layer LCD panel DP6, similarly 
to the display panel DPI in Fig. 1 (A). 
[0429] In the process of producing the multi-layer LCD 

45 panel DPS, therefore, the driver IC can be mounted onto 
each substrate after overiaying the panel elements to- 
gether Further, the junction substrate can be connected 
to each substrate after overiaying the panel elements. 
Thereby, the multi-layer LCD panel DP6 can be easily 

50 produced. 

[0430] The multi-layer LCD panel DP6 has the same 
structure as the multi-layer LCD panel DPI in Fig. 1(A) 
except that the panel element PEg in the middle position 
is eliminated in the multi-layer LCD panel DP6. 

55 [0431] [10] Figs. 14(A) and 14(B) are schematic per- 
spective views of further another example of the multi- 
layer LCD panel. 

[0432] A multi-layer LCD panel DP7 shown in Figs. 
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14(A) and 14(B) has two layered liquid crystal panel el- 
ements PEb and PEg, similarly to the display panel DPS 
in Figs. 12(A) and 12(B). 

[0433] The basic structures of the panel elennents 
PEb and PEg of the display panel DP5 are the same as 5 
those of the display panel DPI in Fig, 1(A). 
[0434] In the multi-layer LCD panel DP7, the row sub- 
strate Sbr of blue panel element PEb, the column sub- 
strate Sbc of blue panel element PEb, the column sub- 
strate Sgc of green panel element PEg and row sub- io 
strate Sgr of green panel element PEg are layered in 
this order from the observation side. 
[0435] The layering order of the substrates in the mul- 
ti-layer LCD panel DP7 of Figs. 14(A) and 14(B) is the 
same as that in the display panel DPS of Figs. 1 2(A) and 
12(B). 

[0436] The display panel DP7 is different from multi- 
layer LCD panel DPS in that the extending directions of 
the respective connection portions of the substrates are 
angularly shifted by 90 degrees in the following order. 
[0437] The extending directions of the respective con- 
nection portions of the substrates in the display panel 
DP7 are shifted by 90 degrees in the order of: 

(1 ) the extending direction of the connection portion 
SbrC of row substrate Sbr of blue panel element 
PEb, 

(2) the extending direction of the connection portion 
SbcC of column substrate Sbc of blue panel ele- 
ment PEb, 

(3) the extending direction of the connection portion 
SgrC of row substrate Sgr of green panel element 
PEg, and 

(4) the extending direction of the connection portion 
SgcC of column substrate Sgc of green panel ele- 
ment PEg. 

[0438] Owing to the above structure, all the electrode 
fomnation surfaces of the substrate connection portions 
are exposed in the multi-layer LCD panel DP7, similarly 
to the display panel DPI in Fig. 1(A). 
[0439] In the process of producing the multi-layer LCD 
panel DP7, therefore, the driver IC can be mounted onto 
each substrate after overlaying the panel elements to- 
gether. Further, the Junction substrate can be connected 
to each substrate after overlaying the panel elements. 
Thereby, the multi-layer LCD panel DP7 can be easily 
produced. 

[0440] [11] Description will now be given on the meth- 
od of performing the simple matrix driving of the multi- 
layer liquid crystal display panel DP1 shown in Fig. 1 (A) 
with reference to Fig. 15. 

[0441] Fig. 15 shows the driver device 8 for the display 
panel DPI together with the column electrode Ec and 
row electrode Er of the blue panel element PEb. Al- 
though Fig. 15 does not show the electrodes of the 
green and red panel elements PEg and PEr, these panel 
elements are driven in a manner similar to the following 



manner of driving the blue panel element. 
[0442] The column electrode (signal electrode) Ec is 
formed of the plurality of belt-like electrodes as de- 
scribed before, and the belt-like electrodes forming the 
column electrode Eccorrespondto electrodes Ed - Ecn 
(n: natural number) in Fig. 15, respectively. 
[0443] Likewise, the row electrode (scanning elec- 
trode) Er is fomned of the plurality of belt-like electrodes 
as described before, and the belt-like electrodes forming 
the row electrode Er correspond to electrodes Er1 - Erm 
(m: natural number) in Fig. 15, respectively. 
[0444] In the blue panel element PEb, the orientation 
of the liquid crystal can be changed in each unit formed 
of a region, where one scanning electrode and one sig- 
nal electrode cross each other, and its neighboring re- 
gion. In the blue panel element PEb, the region, where 
one scanning electrode and one signal electrode cross 
each other, and its neighboring region fomn one pixel. 
The pixel in the position, where the scanning and signal 
electrodes Erp and Ecq cross each other, is represented 
as the pixel Ppq, where p is a natural number satisfying 
a relationship of 1<p<m, and q is a natural number sat- 
isfying a relationship of 1<q<n. 

[0445] In blue panel element PEb, an image corre- 
sponding to the image data can be displayed in the fol- 
lowing manner based on the image data, which is written 
into an image memory 834 by an image processing de- 
vice 833 and a central processing unit 835. 
[0446] The scanning electrode driver 10 81 b issues a 
select signal to a predetermined scanning electrode 
among the scanning electrodes Eri - Emn for setting the 
scanning electrode to a selected state, and issues an 
non-selection signal to the other scanning electrodes for 
setting the other scanning electrodes to unselected 
states. The scanning electrode driver IC 81b switches 
the scanning electrodes to be set to the selected state 
at predetermined time intervals, and each scanning 
electrode is successively set to the selected state. The 
above control is performed by a scanning electrode 
drive controller 831 . 

[0447] The signal electrode driver IC 82b issues sig- 
nal voltages for rewriting the respective pixels on the 
scanning electrode in the selected state, and more spe- 
cifically, issues simultaneously the signal voltages cor- 
responding to the image data of the these drive target 
pixels to the respective signal electrodes so that the ori- 
entation of the liquid crystal of these drive target pixels 
change in accordance with the image data. For exam- 
ple, when the scanning electrode Er1 is selected, the 
orientations of the liquid crystal of the pixels P11 - Pin 
on the scanning electrode Eri change in accordance 
with the image data of these drive target pixels. The volt- 
age difference, which is produced between the voltage 
applied to the scanning electrode of the drive target pix- 
el, and the voltage applied to the signal electrode and 
corresponding to the image data, is applied to the liquid 
crystal of the drive target pixel. Therefore, the orienta- 
tion of the liquid crystal of the drive target pixel changes 
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in accordance with the image data. 
[0448] Every time the selected scanning electrode is 
changed, the signal electrode driver IC 82b changes the 
orientations of the liquid crystal of the drive target pixels 
in accordance with the image data. This control is per- 
formed by the signal electrode drive controller 832 in 
parallel with the operation of reading innage data from 
the image nnennory 834. 

[0449] As described above, the liquid crystal of the 
drive target pixel is supplied with the voltage corre- 
sponding to the image data (tone data) of the drive target 
pixel. Therefore, in accordance with the image data of 
the drive target pixel, the liquid crystal of the drive target 
pixel can be set to a planar state, a focal conic state or 
a state where these states are mixed at a ratio corre- 
sponding to the display tone. Accordingly, gradation dis- 
play corresponding to the image data can be performed. 
[0450] The green and red panel elements PEg and 
PEr can be driven in accordance with the image data in 
a similar manner as described above, and thereby can 
perfomn the gradation display By driving the three panel 
elements PEb, PEg and PEr in accordance with the im- 
age data, the full color display can be performed. 
[0451] The controllers 831 and 832, image process- 
ing device 833, image memory 834 and central process- 
ing unit 835 in Fig. 15 correspond to the control portion 
83 in the driver device 8 shown in Fig. 5. 
[0452] The other multi-layer LCD panels can be driv- 
en in the simple matrix driving manner similar to the 
above. 

[0453] [1 2] Description will now be given below on the 
method of manufacturing the multi-layer display panel. 
In the following description, the method of manufactur- 
ing the multi-layer LCD panel DPI shown in Fig. 6 is 
presented. 

[0454] First, the methods of manufacturing the multi- 
layer LCD panel DPI is briefly given with reference to a 
flowchart shown in Fig. 16. 

[0455] In a panel element forming step, the blue, 
green and red panel elements PEb, PEg and PEr are 
respectively formed. In this panel element forming step, 
each panel element is fomned using resin substrates, 
each on which the electrode and others are formed. 
[0456] In an overiaying step (panel element overlay- 
ing step), the panel elements thus formed are overiaid 
in a predetermined order. The positions are aligned be- 
fore overiaying the panel elements. The neighboring 
panel elements are adhered together by an adhesive. 
[0457] In an after cut step, an unnecessary portion 
(portion to be cut) is removed from each of the sub- 
strates of the overiaid panel elements. The portion to be 
cut (unnecessary portion) of each panel element will be 
described later. The portion to be cut depend o n the sub- 
strate configurations and others used in the panel ele- 
ment forming step. Typically, the unnecessary portion 
(portion to be cut for exposing the electrode formation 
surface of the connection portion of the other substrate) 
is removed from each substrate so that the electrode 



formation surface of the connection portion for connect- 
ing the driver element is'exposed in each substrate. Nat- 
urally, this after cut step is not necessary if each sub- 
strate does not have a portion to be cut. 

5 [0458] When the after cut step is completed, the multi- 
layer LCD panel DP1 has the configuration, structure 
and others shown in Fig. 1(A) and others in this exam- 
ple. In the following description, the configuration of the 
substrate of the panel element at the time of completion 

10 of the after cut step, and in other words, the configura- 
tion of the substrate of the panel element at the start of 
the subsequent driver IC mounting step and the junction 
substrate connecting step may be referred to as final 
configuration of the substrate. 

15 [0459] In the driver IC mounting step, the driver IC is 
mounted on the connection portion of each substrate. 
In the junction substrate connecting step, the junction 
substrate is connected to the connection portion of each 
substrate. Either of the driver IC mounting step and the 

20 junction substrate connecting step may be performed 
prior to the other, and these steps may be perfomried in 
a mixed manner. For example, the mounting of the driver 
IC and the connection of the Junction substrate to the 
same substrate connection portion may be performed 

25 at the same timing, and thereafter the mounting and oth- 
ers for the next connection portion may be performed. 
In any one of the above cases, the mounting of driver 
IC and the connection of junction substrate may be per- 
formed such an order that these operation can be easily 

30 and efficiently performed. 

[0460] The multi-layer LCD panel DPI has the con- 
figuration and structure shown in Fig. 6 when the driver 
IC mounting step and the junction substrate connecting 
step are completed. 

35 [0461 ] In a folding step, the junction substrate (flexible 
junction substrate) connected to each substrate is fold- 
ed toward the back side for reducing the frame width. 
[0462] Operation check (functional check) of the pan- 
el element may be performed at one or more predeter- 

40 mined times, e.g., afterthe panel element forming step. 
By performing the operation check of the panel element 
during the production, the multi-layer LCD panel DPI 
can be produced with a higher yield. Naturally, the op- 
eration check of the whole display panel DPI may be 

^5 performed after the folding step. 

[0463] Description will now be given on several exam- 
ples of the method of manufacturing the multi-layer LCD 
panel DPI having the configuration and structure shown 
in Fig. 1 (A) and others, and particutariy several exam- 

50 pies of the method of manufacturing the multi-layer LCD 
panel DPI before the mounting of driver IC. Several 
methods may be employed depending on the configu- 
ration and others of the substrate used in the panel el- 
ement forming step. 

55 [0464] [1 3] Description will now be given on the meth- 
od of manufacturing the multi-layer LCD panel DPI 
shown in Fig. 1(A), using the structures each having a 
full fomri described below in the panel element forming 
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step. 

[13-1] Panel Element Forming Step 

[0465] In the panel element forming step, the three 
panel elements, i.e., blue, green and red panel elennents 
PEb, PEg and PEr are formed. 

[0466] Referring to Fig. 17, description will be prinria- 
rily given on the process of producing the blue panel el- 
ement PEb. The green and red panel elements PEg and 
P Er can be produced similarly to the blue panel element 
PEb except for the kind of liquid crystal disposed be- 
tween the substrates. 

[13-1-1 1 Preparing Step 

[0467] First, the resin substrate Sbc for forming the 
column electrode and others as well as the resin sub- 
slrale Sbr for forming the row electrode and others are 
prepared {U^0^). In this example, polycarbonate films 
are used as the substrates Sbr and Sbc. 
[0468] At this stage in the process of producing the 
multi-layer LCD panel DPI , the substrates Sbc and Sbr 
have the configurations and sizes different from the final 
configuration and sizes, and have the following portions. 
[0469] The column substrate Sbc at this stage has the 
overlap portion SbcO which finally overlaps with the oth- 
er five substrates, the four extending portions Sbc1 , 
Sbc2, Sbc3 and Sbc4 which extend from the overlap 
portion in the four directions angularly spaced by 90 de- 
grees, and comer portions Sbc5, Sbc6, Sbc7 and SbcB. 
That is, the column substrate Sbc at this stage has the 
overlap portion SbcO and an annular portion surround- 
ing the overlap portion SbcO. At this stage, the column 
substrate Sbc is rectangular. This column substrate Sbc 
having above configuration is referred to as the column 
substrate of the full form (or of full configuration). 
[0470] Likewise, the row substrate Sbr at this stage 
has the overtap portion SbrO which finally overlaps with 
the other five substrates, the four extending portions 
Sbr1 , Sbr2, Sbr3 and Sbr4 which extend from the over- 
lap portion in the four directions angularly spaced by 90 
degrees, and corner portions Sbr5, Sbr6, Sbr7 and 
SbrS. That is. the row substrate Sbr at this stage has the 
overtap portion SbrO and an annular portion surround- 
ing the overtap portion SbrO. At this stage, the row sub- 
strate Sbr is rectangular. This row substrate Sbr having 
above configuration is referred to as the row substrate 
Sbr of the full form (or of full configuration). 
[0471 ] The column and row substrates for f onning the 
other panel elements have similar structures. 
[0472] At this stage, the column and row substrates 
Sbr and Sbc of the blue panel element have the same 
sizes, and are not different to each other. Further the 
column substrates of each panel element and the row 
substrates of each panel element have the same sizes, 
and are not different to each other. Accordingly, commo- 
nality of parts for producing the multi-layer LCD panel 



DP1 can be achieved. 

[0473] In the blue panel element PEb, the extending 
portion Sbc3 of column substrate Sbc is used as the 
connection portion SbcC for mounting the driver IC and 
5 others. The extending portion Sbr4 of row substrate Sbr 
is used as the connection portion SbrC. The extending 
portions, which are not used as the connection portions 
of the substrates, as well as the corner portions will be 
removed in the later cut step. 

10 

[13-1-2] Electrode Forming Step 

[0474] Then, the column electrode Ec is formed on the 
column substrate Sbc of blue panel element PEb, and 
15 the row electrode Er is formed on the row substrate Sbr 
(#102). The column and row electrodes are likewise 
formed on the column and row substrates of the other 
panel elements, respectively 

[0475] The column electrode Ec may be fomned, e.g., 

20 on the column substrate Sbc of the blue panel element 
PEb in the following manner. First, a conductive film 
(ITO film in this example) is uniformly formed on the col- 
umn substrate Sbc. Etching is effected, while utilizing 
photolithography method, on this conductive film to form 

25 a predetermined configuration so that a predetermined 
electrode pattern including a pattern of the column elec- 
trode Ec is formed. For example, photosensitive resist 
film is uniformly formed on the conductive film, and then 
is exposed via a mask having apertures of the pattern 

30 (positive pattern) corresponding to the electrode pattern 
to be fomned. The resist film portion other than the ex- 
posed resist film portion is removed, and the etching is 
effected on the conductive film portion not covered with 
the resist film so that a predetermined electrode pattern 

35 is fomned. 

[0476] More specifically a pattern of a plurality of belt- 
like electrodes, which are arranged parallel to each oth- 
er with predetermined pitches, is formed on the overtap 
portion SbcO. 

40 [0477] An electrode pattern for connecting the column 
electrode Ec on the overtap portion SbcO to the output 
lead of the driver IC is formed on the extending portion 
Sbc3 used as the connection portion SbcC. More spe- 
cifically the electrode panern for transforming the elec- 
ts trode pitch on the overtap portion SbcO to the output 
lead pitch of the driver IC is formed on the extending 
portion SbcS. An electrode pattern for connecting the 
input lead of the driver IC to the junction substrate is 
also formed on the extending portion Sbc3. 
50 [0478] In this example, electrode patterns are formed 
on the extending portion Sbc1 , which is opposite to the 
extending portion SbcS used as the connection portion 
SbcC. More specifically, the electrode pattern which can 
be used for connecting the column electrode Ec on the 
55 overtap portion SbcO to the output lead of the driver IC 
as well as the electrode pattern which can be used for 
connecting the input lead of the driver IC to the junction 
substrate are formed on the extending portion Sbc1 , 
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[0479] By forming the electrode patterns on the ex- 
tending portion opposite to the extending portion to be 
used as the connection portion, the following advantag- 
es can be achieved. The colunnn substrate, which is pre- 
pared for the column substrate Sbr of the blue panel el- 
ement PEb, can be used as the column substrate of the 
other panel element. More specifically, the column sub- 
strate provided with the electrode patterns described 
above can be used for producing the panel element hav- 
ing the extending portion Sbc1 to be used as the con- 
nection portion. Accordingly, the electrode pattems can 
be formed on the column substrates of the respective 
panel elements by the same procedure and with the 
same mask. This improves the efficiency of the column 
electrode fonnation. Further, commonality of parts of the 
multi-layer LCD panel DPI can be achieved. 
[0480] Alignment marks (registration marks, target 
marks) to be used for the positioning in later steps are 
formed on the column substrate Sbc, in addition to the 
foregoing electrode patterns. The alignment marks are 
fomned simultaneously with the foregoing electrode pat- 
terns, using the electrode material (ITO in this example). 
[0481 ] The alignment marks for the following position- 
ing or alignment are formed on the column substrate 
Sbc. 

[0482] When the blue panel element PEb is formed 
by overlaying the column substrate Sbc and row sub- 
strate Sbr together with the liquid crystal therebetween, 
the alignment marks are used for alignment of these 
substrates. In the overlaying step for overlaying the pan- 
el elements together, the alignment marks are used for 
aligning the respective panel elements. When the driver 
IC is to be mounted on the substrate connection portion 
of the panel element, the alignment marks are used for 
positioning the mounting position of the driver IC. When 
connecting the junction substrate to the substrate con- 
nection portion of the panel element, the alignment 
marks are used for aligning the connection position of 
the junction substrate. 

[0483] The alignment mark(s) to be used for overiay- 
ing the column and row substrates together may be the 
same as those used for overlaying the panel elements 
together. These alignment marks may be formed on the 
overlap portion SbcO of the column substrate Sbc or the 
connection portion SbcC, and also may be formed on 
the extending portion or corner portion, which will be fi- 
nally removed. 

[0484] The alignment mark used for the mounting of 
the driver IC may be formed, e.g., within the mounting 
region, at which the driver IC is mounted, of the sub- 
strate. The alignment mark used for the connection of 
the junction substrate may be formed, e.g., within the 
connection region, at which the junction substrate is 
connected, of the panel element substrate. 
[0485] On the row substrate Sbr, the row electrode Er 
is formed in a similar manner as described above. That 
is, a pattern of the plurality of belt-like electrodes, which 
are arranged parallel to each other with predetermined 



pitches, is fomned on the overiap portion SbrO of the row 
substrate Sbr. An electrode pattern for connecting the 
row electrode Er on the overlap portion SbrO to the out- 
put lead of the driver IC as well as an electrode pattern 

5 for connecting the input lead of the driver IC to the junc- 
tion substrate are formed on the extending portion Sbr4 
used as the connection portion SbrC. An electrode pat- 
tern, which can be used as the connection portion elec- 
trode pattern, is formed on the extending portion Sbc2 

10 opposite to the extending portion Sbc4 used as the con- 
nection portion SbrC. Alignment marks similar to those 
on the column substrate Sbc are fonried on the row sub- 
strate Sbr. 

15 [13-1 -3J Step of Fomritng Insulating Film and Orientation 
Rim 

[0486] The insulating film 11 and the orientation film 
A1 are successively formed on the column electrode Ec 
20 of the column substrate Sbc. Also, the insulating film 12 
and the orientation film A2 are successively fonned on 
the row electrode Er of the row substrate Sbr. 

[13-1-4] Step of Forming Columnar Resin Structure 

25 

[0487] The columnar resin structures 3 are fonned on 
one of the column and row substrates Sbc and Sbr. In 
this example, the resin structures are formed on the ori- 
entation film of the column substrate Sbc. 

30 [0488] The resin structure may be made of a material 
which can be softened when heated, and can be solid- 
ified by cooling. An organic material which does not 
chemically react with the liquid crystal material, and has 
an appropriate elasticity is suitable for the material of 

35 the resin structures. The material of the resin structure 
may be a themnoplastic polymer material. The thermo- 
plastic polymer material may be, e.g., polyvinyl dichlo- 
ride resin, polyvinylidene chloride resin, polyvinyl ace- 
tate resin, methacrylate ester resin, polyacrylate ester 

40 resin, polystyrene resin, polyamide resin, polyethylene 
resin, polypropylene resin, fluororesin, polyurethane 
resin, polyacrylonitrile resin, polyvinyl ether resin, poly- 
vinyl ketone resin, polyester resin, polyvinyl pyrolidone 
resin, saturated polyester resin, polycarbonate resin, 

45 chlorinated polyether resin or the like. The resin struc- 
ture may be made of one or more of the above materials . 
[0489] The resin structure can be formed, e.g., by a 
printing method, in which a paste containing resin (e.g., 
resin dissolved in solvent) is discharged onto the sub- 

50 strate by a squeeze through a screen or metal mask. 
The resin structure can be formed also by discharging 
the resin from nozzles onto the substrate in a dispenser 
method or an ink jet method. The resin structure can be 
formed in a transfer method in which the resin is sup- 

55 plied onto a flat plate or a roller, and then the resin is 
transferred onto the substrate. At this stage, the height 
of the resin structure is preferably larger than the intend- 
ed thickness of the liquid crystal layer in view of the ad- 
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hesion of the two substrates by this resin structure. 
[13-1-5] Spacer Dispersing Step 

[0490] The spacers SP are dispersed on one of the 
column and row substrates Sbc and Sbr. In this exam- 
ple, spacers SP are dispersed on orientation film of the 
column substrate Sbc. 

[0491] The spacers nnay be preferably fornned of par- 
ticles, which are made of a hard material having a suf- 
ficient deformation resistance against heat and pres- 
sure. The spacer may be made of^ e.g., an inorganic 
material such as finely divided glass fibers, silicate glass 
in the ball-like form or alumina powder, or spheric parti- 
cles of an organic material such as dlvinylbenzene-con- 
tained cross-linked polymer or polystyrene-contained 
cross-linked polymer 

[0492] The spacers may be dispersed onto the sub- 
strate, e.g., by wet dispersing methodora dry dispersing 
method. 

[13-1-6] Seal Wall Forming Step 

[0493] The seal wall SW is formed on one of the col- 
umn substrate Sbc and the row substrate Sbr. In this 
example, the seal wall SW is formed on the column sub- 
strate Sbc. 

[0494] The seal wall SW is fornned on the overlap por- 
tion SbcO of the column substrate Sbc to have an an- 
nular form. 

[0495] The seal wall SW may be made of, e.g., resin 
such as ultraviolet-curing resin or thermosetting resin. 
[0496] The resin seal wall can be formed by discharg- 
ing the resin from the nozzles onto the substrate, e.g., 
by the dispenser method or ink jet method. The resin 
seal wall can also be formed by a printing method using 
a screen or a metal mask. The resin seal wall can also 
be formed in a transfer method in which the resin is sup- 
plied onto a flat plate or a roller, and then the resin is 
transferred onto the substrate. 

[0497] The resin structure forming step, the spacer 
dispersing step and the seal wall fomning step may be 
perfomned in any order. 

[13-1-7] Substrate Adhering Step 

[0498] Then, droplets of the liquid crystal LCb are ap- 
plied onto the region of column substrate Sbc surround- 
ed by the seal wall SW, and the column substrate Sbc 
and the row substrate Sbr are adhered together with the 
liquid crystal LCb therebetween (#103). 
[0499] More specifically, the column substrate Sbc is 
laid on a plane 711 of a holding member 71 . For pre- 
venting shifting of the position of the column substrate 
Sbc on the plane 711 , air suction may be effected for 
sucking the substrate Sbc toward the plane 711 . 
[0500] Then, droplets of the liquid crystal LCb having 
the selective reflection wavelength in the blue range are 



applied to the end portion of the foregoing region of the 
column substrate Sbc. 

[0501] Then, only one end of the row substrate Sbr is 
overlaid on the column substrate Sbc with the liquid 

5 crystal LCb therebetween. At this stage, the substrate 
Sbr is curved so that the other end of the row substrate 
Sbr is not overlaid on the column substrate Sbc. By hold- 
ing the opposite ends of the row substrate Sbr by holding 
members 721 and 722, the row substrate Sbr can be 

10 disposed as described above. Since the row substrate 
Sbr is provided with the extending portions located on 
the opposite sides of the overlap portion SbrO, the hold- 
ing members 721 and 722 can hold the portions other 
than the overlap portion SbrO. 

15 [0502] Then, a roller 73, internally provided with a 
heater 74, pushes the row substrate Sbr toward the col- 
umn substrate Sbc while moving the pushed position 
from one end of the substrate toward the other end. The 
roller 73 may be moved. Alternatively, the substrates 

20 may be moved. 

[0503] In this manner, the column and row substrates 
Sbc and Sbr are overlaid together with the liquid crystal 
therebetween while spreading the liquid crystal LCb. By 
the heat of the heater 74, the resin structures 3 and the 

25 seal wall SW are welded to both the column and row 
substrates Sbc and Sbr for adhering them together. By 
overlaying the substrates from one end toward the other 
end while spreading the liquid crystal LCb, it is possible 
to suppress mixing of bubbles into the liquid crystal. The 

30 thickness of the liquid crystal is adjusted to a predeter- 
mined thickness by the spacers SP. Instead of dispers- 
ing the spacers on the substrate, the spacers may be 
dispersed in the liquid crystal, which will be applied onto 
the substrate. 

35 [0504] Since the extending portions other than the 
overlap portion SbrO are held by the holding members 
721 and 722 as described above, the roller 73 can suc- 
cessively apply the pressure throughout the overlap por- 
tion SbrO so that the two substrates can be adhered fully 

40 and precisely. If the holding member were holding the 
overlap portion SbrO, the holding member would im- 
pede the relative movement of the roller 73 so that it 
would be difficult to apply the pressure throughout the 
overlap portion SbrO. 

45 [0505] In this adhering step, the column substrate Sbc 
and the row substrate Sbr are adhered together such 
that both the column and row electrodes Ec and Er are 
located inside of the substrates. These substrates are 
adhered such that the column and row electrodes Ec 

50 and Er fonn a matrix structure. These substrates are ad- 
hered togetherafter aligning these substrates with align- 
ment marks formed thereon. 

[0506] Thereby, the blue panel element PEb is ob- 
tained (#104). The other panel elements can be pro- 
55 duced in a similar manner as described above. 

[0507] Since the substrates of the full fomn are em- 
ployed, the same panel element manufacturing appara- 
tus can be used for fomning the respective panel ele- 
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ments onjy by changing the liquid crystal to be applied 
onto the substrate. 

[0508] The panel elen^ient may be formed by supply- 
ing the liquid crystal through an inlet, which is formed in 
the seal wall and will be closed later, in a vacuum-supply 
method after adhering the column and row substrates 
together with the spacers and others therebetween. 

[13-2] Panel Element Overlaying Step 

[0509] The three panel elements PEb, PEg and PEr 
thus formed are successively overlaid in the overlaying 
step, which will be described below with reference to 
Fig. 18. 

[0510] First, the red and green panel elements PEr 
and PEg are overlaid, and are adhered by the adhesive 
2 (#201). In this example, the adhesive film is used as 
the adhesive 2. 

[0511] More specifically, the red panel element PEr is 
laid on a plane 751 of a holding member 75. For pre- 
venting shifting of the position of the panel element PEr 
on the plane 751 , air suction may be performed forsuck- 
ing the panel element PEr toward the plane 751 . 
[0512] Then, the adhesive film 2 is adhered to the 
overlap portion SrrO of the row substrate Srr of the red 
panel element PEr Thus, the adhesive film 2 is applied 
to an adhesion surface, to be adhered to the green panel 
element PEg, of the red panel element PEr. 
[051 3] Then, only one end portion of the green panel 
element PEg is overlaid on the red panel element PEr 
with the adhesive film 2 therebetween. The green panel 
element PEg is curved so that the other end portion of 
the green panel element PEg is not overlaid on the red 
panel element PEr. The opposite ends of the green pan- 
el element PEg are held by holding members 761 and 
762, whereby the green panel element PEg can be dis- 
posed as described above. Since each of the column 
and row substrates Sgc and Sgr of the green panel el- 
ement PEg is provided with the extending portions lo- 
cated on the opposite sides of the overlap portion, the 
holding members 761 and 762 can hold the portions oth- 
er than the overlap portions SgcO and SgrO. Thus, the 
substrate portion other than the adhesion surface can 
be held. The green panel element PEg may be held by 
holding only one of the column and row substrates Sgc 
and Sgr. 

[0514] Then, a roller 77 pushes the green panel ele- 
ment PEg toward the red pane! element PEr with the 
adhesive film 2 therebetween while moving the pushed 
position from one end portion of the panel element to- 
ward the other end portion. The roller 77 may be move. 
Altematively, the panel elements may be moved. There- 
by, the overlap portion SrrO of the row substrate Sn- of 
the red panel element PEr is adhered to the overlap por- 
tion SgrO of the row substrate Sgr of the green panel 
element PEg. By adhering the panel elements PEg and 
PEr from one end portion to the other end portion, it is 
possible to suppress remaining of bubbles between the 



panel elements. 

[0515] Since neitherthe driver 10 northe junction sub- 
strate is mounted on any one of the connection portions 
of the green panel element PEg, the green panel ele- 
5 ment PEg can be curved uniformly so that remaining of 
the bubbles between the panel elements can be sup- 
pressed. 

[0516] Since the substrate portions of the green panel 
element PEg other than the overtap portion are held by 

10 the holding menr^^^ and^762^§s desppbeci j^^^ 

the roller 77 can successively apply the pressure 
throughout the overlap portion (adhesion portion) so 
that the two panel elements PEg and PEr can be ad- 
hered fully and precisely. If a holding member were hold- 

15 ing the overlap portion, the holding member would im- 
pede the relative movement of the roller 77 so that it 
would be difficult to apply the pressure throughout the 
overlap portion. 

[0517] In the above manner, the red and green panel 
20 elements PEr and PEg adhered together by the adhe- 
sion film 2 are obtained (#202). 

[0518] Then, the blue panel element PEb is adhered 
onto the green panel element PEg by the adhesion film 
2 (#203) in the similar manner as described above. 

25 [0519] Thereby, the multi-layer LCD panel DP1, in- 
cluding the blue, green and red panel elements PEb, 
PEg and PEr layered together, is obtained (#204). 
[0520] In the above panel element overiaying step, 
the panel elements are aligned by utilizing the foregoing 

30 alignment marks, and then are adhered together. 

[0521] The three panel elements are overtaid such 
that the substrates of the panel elements are aligned in 
the order shown in Fig. 19. The layering order of the sub- 
strates shown in Fig. 19 is the same as the foregoing 

35 layering order of the substrates shown in Fig. 7. 

[0522] Further, the three panel elements are overlaid 
such that the extending directions of the extending por- 
tions used as the connection portions of the substrates 
of the panel elements are shifted by 90 degrees in ac- 

40 cordance with a predetemnined order, as already de- 
scribed. In this example, the full-form substrates are em- 
ployed, and the extending portions, which can be used 
as the connection portions, are arranged on the oppo- 
site sides of the overlap portion . Th ereby, if the substrate 

45 is turned by 1 80 degrees from the position shown in Fig. 
1 9, this turned substrate can have the extending portion, 
which can be used as the connection portion extending 
in the foregoing extending direction. Thereby, the panel 
elements can be overtaid with less error. 

50 

[1 3-3] After Cut Step 

[0523] In the after cut step, unnecessary portions 
(portions to be cut off) are removed from the substrates 
55 of layered panel elements. 

[0524] In the stage before removing the unnecessary 
portions, each electrode formation surface of the ex- 
tending portion, which is used as the connection portion, 
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of the substrate are overlapping with the extending por- 
tions of the other substrates, and thus is not exposed. 
Therefore, this after cut step is perfomried for exposing 
the electrode formation surface of the extending portion 
to be used as the connection portion of each substrate. 
More specifically, the three extending portions, which 
will not be used as the connection portions, among the 
four extending portions as well as the four corner por- 
tions are removed from each substrate. 
[0525] The portions to be removed from each sub- 
strate are shown in Fig. 20. In Fig. 20, the portions to be 
removed from each substrate are hatched. 
[0526] By removing the portions to be cut off from 
each substrate, all the electrode formation surfaces of 
the connection portions are exposed in the multi-layer 
LCD panel DP1 as shown in Fig. 1(A). 
[0527] Due to a cut mechanism of a cutter device for 
perfomning the cutting as well as an accuracy thereof 
and others, the cutting may not be effected accurately 
on the boundary between the overlap portion and the 
extending portion, which is not to be used as the con- 
nection portion and thus is to be removed from the sub- 
strate. In this case, the extending portion not to be used 
as the connection portion may be partially left to an ex- 
tent, which does not impede the operation such as 
mounting of the driver IC on the connection portion of 
the other substrate. For example, the extending portion, 
which is not to be used as the connection portion, such 
as the west extending portion SbrW of row substrate Sbr 
of blue panel element PEb in Fig. 9 may be left. 
[0528] That is, after perfomning the cutting in the after 
cut step, the extending portion not to be used as the 
connection portion may be partially left to an extent not 
impeding the operation such as mounting of the driver 
IC on the connection portion of the other substrate. 
[0529] For the purpose of, e.g. , facilitating the cutting, 
half cut may be effected in advance on the boundary 
between the substrate portion to be removed and the 
substrate portion to be left. This half cut step is naturally 
perfomned before the after cut step for removing the un- 
necessary portions of the substrates, and may be per- 
fonned, e.g., before the panel element adhering step 
and during the panel element forming step. By perform- 
ing the half cut step, e.g., before the substrate overfay- 
ingstep (e.g., before or after the electrode forming step) 
in the panel element fomning step, the half cut step Itself 
can be performed easily. 

[0530] This half cut may be effected on an exposure 
surface of the substrate to be exposed as shown in Fig. 
21 in the stage of performing the after cut step and thus 
when the panel elements are in the overlaid state. 
[0531] Fig. 21 shows the south extending portions of 
the multi-layer LCD panel DPI before performing the af- 
ter cut step. In Fig. 21 , a groove HC is formed on the 
exposure surface, to be exposed, of the substrate for 
the half cut. In the structure where the two or more sub- 
strate portions overlaid together, the exposure substrate 
surface to be exposed is a surface, which will be ex- 



posed after removing the substrate portion already ex- 
posed. 

[0532] More specifically, the exposure surfaces of the 
outemnost substrates Sbr and Src are the surfaces not 

5 provided with the electrodes, respectively 

[0533] The exposure surface of the substrate Srr is 
the electrode fonnation surface, which wilt be exposed 
after removing the south extending portion SrcS of the 
substrate Src. The exposure surface of the substrate 

10 Sgr is the surface, which is not provided with the elec- 
trode and is to be exposed after removing the south ex- 
tending portion SrrS of the substrate Sn^. 
[0534] By effecting the half cut on each substrate in 
this manner, the after cut step can be efficiently per- 

15 formed. 

[13-4] Driver IC Mounting Step and Junction Substrate 
Connecting Step 

20 [0535] After producing the multi-layer LCD panel DP1 
in the above manner, the driver IC is mounted on the 
exposed electrode fonnation surface of the connection 
portion of each substrate, and the junction substrate is 
connected to the connection portion of each substrate. 

25 [0536] By mounting the driver ICs and connecting the 
junction substrates, the multi-layer LCD panel DPI 
shown in Fig. 6 is completed. The steps of mounting the 
driver IC and connecting the junction substrate will be 
described later in greater detail. 

30 [0537] [14] Another method of manuf actunng the mul- 
ti-layer LCD panel DPI shown in Fig. 1(A) will now be 
described. 

[0538] As already described in the above item [13], 
the extending portions (including the extending portion 

35 to be used as the connection portion) of each substrate 
can be utilized for holding the substrate in the substrate 
adhering step of the panel element forming step. Also, 
the extending portions of each substrate can be utilized 
for holding the panel element in the step of overfaying 

40 the panel elements. The substrate extending portion, 
which is utilized for holding the substrate and/or the pan- 
el element, are referred to as holding portions. 
[0539] The four extending portions of the full form sub- 
strate contain the extending portion, which is used as 

45 neither the connection portion nor the holding portion. 
[0540] Accordingly, in the stage of forming each panel 
element, the substrate not provided with the extending 
portion, which is to be used as neither the connection 
portion nor the holding portion, may be used for produc- 

50 ing the multi-layer LCD panel DPI , similarly to the fore- 
going method. 

[0541] More specifically, in the panel element forming 
step, each of the three panel elements may be formed, 
in thesimilar manner as described above, using thesub- 
55 strates, each of which includes the overfap portion, the 
extending portion extending from the overiap portion for 
use as the connection portion and the extending portion 
(s) extending from the overlap portion for use as the 
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holding portion(s). Thereafter, the multi-layer LCD panel 
DP1 may be produeed by overlaying three panel ele- 
ments thus formed. 

[0542] The substrate used in the panel element form- 
ing step may have the foregoing corner portion. The 
substrate used in the panel element forming step may 
have one or two extending portion(s) to be used as the 
holding portions. The substrate used in the panel ele- 
ment forming step may have the extending portion, 
which is to be used as the holding portion, and also used 
as the connection portion. 

[0543] For example, six substrates of configurations 
shown in Fig. 22 may be employed in the panel element 
forming step, and the panel elements formed with such 
substrates may be overlaid to form the multi-layer LCD 
panel DPI. 

[0544] In this example, the west and east extending 
portions are utilized as the holding portions. Therefore, 
each substrate has at least the west and east extending 
portions. More specifically, each substrate is as follows. 
[0545] The row substrate Sbr of the blue panel ele- 
ment PEb has the overlap portion SbrO, the east ex- 
tending portion SbrE to be used as the connection por- 
tion SbrC and also used as the holding portion SbrH. 
and the west extending portion SbrW to be used as the 
holding portion SbrH. 

[0546] The column substrate Sbc of the blue panel el- 
ement PEb has the overlap portion SbcO, the south ex- 
tending portion SbcS to be used as the connection por- 
tion, the east and west extending portions SbcE and Sb- 
cW to be used as the holding portion SbcH, and the cor- 
ner portions. 

[0547] The column substrate Sgc of the green panel 
element PEg has the overlap portion SgcO, the south 
extending portion SgcS to be used as the connection 
portion SgcC, the east and west extending portions 
SgcE and SgcW to be used as the holding portion SgcH, 
and the corner portions. 

[0548] The row substrate Sgr of the green panel ele- 
ment PEg has the overlap portion SgrO, the west ex- 
tending portion SgrW to be used as the connection por- 
tion SgrC and also used as the holding portion SgrH. 
and the east extending portion SgrE to be used as the 
holding portion SgrH. 

[0549] The row substrate Sn^ of the red panel element 
PEr has the overlap portion SrrO, the west extending 
portion SrrW to be used as the connection portion SrrC 
and also used as the holding portion SrrH, and the east 
extending portion SrrE to be used as the holding portion 
Sn-H. 

[0550] The column substrate Src of the red panel el- 
ement PEr has the overlap portion SrcO, the north ex- 
tending portion SrcN to be used as the connection por- 
tion SrcC, the east and west extending portions SrcE 
and SrcW to be used as the holding portion SrcH, and 
the comer portions. 

[0551] Even in the case where the foregoing sub- 
strates are used in the panel element forming step, the 



multi-layer LCD panel DP1 in Fig. 1 (A) can be produced 
by removing the extending portions not to be used as 
the connection portion and the corner portions in the af- 
ter cut step after the panel element overlaying step. Also 
5 in this case, the half cut may be performed in advance. 
[0552] [15] Description will be given on further another 
method of producing the multi-layer LCD panel DPI 
shown in Fig. 1(A). 

[0553] In the step of forming the panel element, the 
10 substrates of the full form described in the above item 
[13] are used to form each panel element. 
[0554] Then, the extending portion to be used as nei- 
ther the connection portion nor the holding portion is re- 
moved from each substrate before overtaying the panel 
15 elements. By this precutting, each substrate has the 
form already described in the foregoing item [14] and 
shown, e.g., in Fig. 22 before overlaying the panel ele- 
ments. 

[0555] Thereafter, the panel elements are overlaid to- 
20 gether, and then the extending portions and the comer 
portions, which are not used as the connection portions, 
are removed, as already described in the item [14]. 
[0556] In this manner, the multi-layer LCD panel DP1 
shown in Fig. 1(A) can likewise be produced. 

25 

[1 6] STEP OF MOUNTING DRIVER IC AND STEP OF 
CONNECTING JUNCTION SUBSTRATE 

[0557] After manufacturing the multi-layer LCD panel 
30 DPI as shown in Fig. 1 (A), and thus after the panel el- 
ement overtaying step, the steps of mounting the driver 
IC and connecting the junction substrate are performed. 
[0558] Since the electrode formation surfaces (the 
driver IC mounting surface and the junction substrate 
35 connecting surface) of the connection portions of the 
substrates are all exposed, the operation such as 
mounting of the driver IC can be performed after over- 
laying the panel elements. 

[0559] [17] Description will now be primanly given, 

40 with reference to Fig. 23, on the manner of mounting the 
driver ICs onto the south connection portions (i.e. the 
connection portion SbcC of column substrate Sbc of 
blue panel element PEb and the connection portion 
SgcC of column substrate Sgc of green panel element 

45 PEg) of the multi-layer LCD panel DPI as well as the 
manner of connecting the junction substrates to the 
south connection portions. The operation such as 
mounting of the driver IC, which is effected on the other 
substrate connection portion, is performed in a similar 

50 manner as described below. 

[0560] As shown in Fig. 23, two alignment marks (reg- 
istration marks, target marks) Ml are fonned at a mount- 
ing region, onto which the driver IC 82b is to be mounted, 
of the connection portion SbcC of column substrate Sbc. 

55 The mounting region is indicated by alternate long and 
short dash line in the figure. 

[0561] Alignment marks M2 are fomned at a connec- 
tion region, to which the junction substrate 842b is to be 
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connected, of the connection portion SbcC. The con- 
nection region is indicated by alternate long and short 
dash line. Although Fig. 23 shows only one of two align- 
nnent nnarks M2, the connection portion SbcC is provid- 
ed with the two alignnnent marks M2. 
[0562] The alignment nnarks Ml on the substrate con- 
nection portion and the alignment marks M3 provided 
on the driver IC 82b are used for alignment or positioning 
so that the driver IC 82b is mounted on the prodeter- 
mined region of the connection portion. Thereby, the 
output leads of the driver IC 82b are connected to the 
belt-like electrodes forming the column electrode Ec on 
the substrate Sbc, respectively. 

[0563] The alignment marks M1 and MS for driver el- 
ement mounting are read by a reading device (not 
shown) such as a CCD camera or a microscope. Based 
on the alignment marks read by the reading device, po- 
sitioning of the driver IC 82b is performed employing a 
known manner such as image processing manner. 
[0564] The alignment marks M1 on the connection 
portion SbcC of the substrate Sbc is read from the front 
side. When reading the alignment mark M1, the align- 
ment mark M1 on the connection portion SbcC may be 
viewed nearthe alignment mark (not shown) on the con- 
nection portion SgcC, which extends in the same direc- 
tion as the connection portion SbcC, of the substrate 
Sgc. In this case, by increasing the magnification or lens 
stops (diaphragm, iris) of the reading device such as a 
CCD camera or a microscope to reduce the depth of 
field, only the alignment mark M1 , to be read out, on the 
connection portion SbcC can be put into focus of the 
reading device. Thereby, the driver IC 82b can be 
mounted on the correct position. 
[0565] Connection of the junction substrate 842b is 
perfomned similarly to the mounting of the driver IC. The 
junction substrate 842b is connected to the predeter- 
mined position of the substrate connection portion SbcC 
by performing the positioning in a similar manner using 
the alignment marks M2 on the connection portion SbcC 
and the alignment marks provided on the junction sub- 
strate 842b. Thereby, the electrode pattern of the junc- 
tion substrate 842b is connected to the electrode pattern 
leading to the input leads of the driver IC 82b. 
[0566] [18] The mounting of the driver IC 82b in this 
example is performed using the ACF (anisotropic con- 
ductive film). This will now be described with reference 
to Figs. 24(A) to 24(C). 

[0567] First, a separator is removed from one side of 
an ACF 4, and the ACF 4 thus prepared is provisionally 
adhered onto the electrode Ec to be connected to 
bumps BP of the driver IC 82b (see Fig. 24(A)). The ACF 
4 has a binder resin 41 made of thermosetting or ther- 
moplastic resin, and also has electrically conductive 
particles 42 dispersed in binder resin 41 . Owing to a tack 
of the binder resin 41 , the ACF 4 can be provisionally 
adhered to the electrode Ec. The provisional adhesion 
can be performed by applying a heat and a pressure 
lower than those for complete adhesion, whereby the 



provisional adhesion can be performed more reliably. 
[0568] Then, a separator 43 is removed from the other 
side of the ACF 4. 

[0569] Then, the driver IC 82b is positioned, and the 
5 bump BP of the driver IC 82b is laid on the ACF 4 (see 
Fig. 24(B)). 

[0570] Thereafter, the driver IC 82b is pushed toward 
the substrate Sbc, and a heat is applied to the ACF 4. 
Thereby, each bump BP of the driver IC 82b is connect- 
to ed to the respective belt-like electrodes forming the col- 
umn electrode Ec via the conductive particles 42 (see 
Fig. 24(C)). If the binder resin 41 is the thermosetting 
resin, the binder resin is hardened by the heat for ad- 
hering the driver I C 82b to the substrate Sbc. If the bind- 
15 er resin 41 is thermoplastic resin, the binder resin is 
cooled after heating so that the driver IC 82b is adhered 
to the substrate Sbc. 

[0571] in the case where the driver IC is to be mount- 
ed by the ACF subjected to the heat and pressure for 
20 bonding as described above, a predetemnined pressure 
and a predetermined heat (temperature) may be applied 
for a predetemnined time corresponding to a kind of the 
ACF. 

[0572] The connection of the junction substrate 842b 
25 is perfomned with the ACF, similarly to the above man- 
ner. 

[0573] [19] The mounting of the driver IC as well as 
the connection of the junction substrate may be per- 
fomned while holding the multi-layer LCD panel DPI with , 
.50 e.g., a holding device 5 shown in Fig. 25. 

[0574] The holding device 5 has a holding jig 51 and 
a suction device 52. This holding jig 51 is used for 
mounting the driver IC on the substrate Sbc and for con- 
necting the junction substrate to the substrate Sbc. 

35 [0575] The holding jig 51 has a first surface 511 for 
canying the connection portion SbcC of the substrate 
Sbc, which is subjected to the mounting of the driver IC 
and others, and a second surface 512 for carrying the 
lap-over portion where the three panel elements are 

40 overiapping to each other. The first surface 511 of the 
holding jig 51 can also be used as a pressure-bonding 
base member for receiving or sustaining the pressure 
when performing the themnal pressure-bonding (com- 
pression bonding) of the driver IC with the ACF for 

45 nnounting of the driver IC, and when perfomnlng the ther- 
mal pressure-bonding of the junction substrate with the 
ACF for connection of the junction substrate. 
[0576] The first surface 511 of the holding jig 51 car- 
ries the connection portion SbcC via the connection por- 

50 tion SgcC, which extends in the same direction as the 
connection portion SbcC, of the substrate Sgc. 
[0577] There is a stepped portion of a height Ds be- 
tween the first and second surfaces 511 and 512 of the 
holding jig 51. 

55 [0578] The stepped portion height Ds is substantially 
equal to a height Dp from the surface of the display panel 
DPI to be laid directly on the first surface 511 (i.e., the 
back surface of the connection portion SgcC), to the sur- 
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f ace of the display panel DPI to be laid directly on the 
second surface 512 (i.e., back surface of the light ab- 
sorber layer BK). 

[0579] The stepped portion height Ds may be equal 
to or larger than the maximum value of the height Dp 
including a manufacturing error. The stepped portion 
height Ds in this example is equal to the maximum value 
of the height Dp including a manufacturing error. Due to 
the manufacturing error in the height of the seal wall SW 
and other/ variations occur in the height Dp, and the pos- 
sible maximum value thereof is selected as the stepped 
portion height Ds. 

[0580] Thereby, when the holding jig 51 holds the mul- 
ti-layer LCD panel DP1 as shown in Figs. 26, 28(A) and 
28(B), the first surface 511 is located at the level slightly 
higher than or equal to the back surface of the connec- 
tion portion SgcC directly laid on the first surface 511 . 
[0581 ] If the stepped portion height Ds is smaller than 
the height Dp, the first surface 511 of the holding jig is 
located at the level lower than the back surface of the 
connection portion SgcC as shown in Fig. 27. In this 
case, when the driver IC 82b is pushed toward the con- 
nection portion SbcC for mounting the driver IC 82b onto 
the connection portion SbcC of the substrate Sbc, the 
substrate Sbc deforms to a large extent, which is liable 
to damage the electrode (ITO electrode in this example) 
on the substrate Sbc. If the positioning of the driver IC 
is performed before defomnation of the connection por- 
tion SbcC, the position of the connection portion SbcC 
may change to a large extent due to defonnation of the 
connection portion SbcC during the pressure-bonding 
of the driver IC. 

[0582] If the stepped portion height Ds is equal to or 
larger than the height Dp, the defomnation of the sub- 
strate Sbc can be smaller than that in the case where 
the stepped height Ds is smaller than the height Dp, and 
the breakage (e.g., cracking) of the electrode on the 
substrate Sbc can be suppressed. 
[0583] The suction device 52 is provided for sucking 
the connection portion laid on the first surface 51 1 of the 
holding jig to the first surface 511 by air suction. 
[0584] The suction device 52 has a vacuum exhaust 
pump 52p. The pump 52p is connected, via tubes 52t, 
to vents 51 V which extend from the first surface 511 of 
the holding jig 51 to the side surface. By the operation 
of the pump 52p, the connection portion SgcC can be 
sucked toward the first surface 511 by air suction. 
[0585] By the air suction of the connection portion 
SgcC toward the first surface 511 , it is possible to sup- 
press the shifting of position of the connection portion 
SgcC, and thus the shifting of position of the connection 
portion SbcC at the time of mounting the driver IC and 
connecting the junction substrate. Thereby, the opera- 
tion such as mounting of the driver IC and others can 
be perfonned easily and precisely. 
[0586] The substrate may be defomned as indicated 
by alternate long and short dash line in Fig. 26 due to 
the structure where the height Ds is larger than Dp, or 



the resin film substrates Sbc and Sgc may be curved, 
as shown in Fig. 28(A), due to the curling property 
caused by the winding in storage of the resin film. In 
these cases or other cases, a pushing member 53 

5 shown in Figs. 28(B) and 28(C) may be used to push 
the connection portion SbcC toward the first surface 
51 1 . By pushing the connection portion SbcC toward the 
first surface 511 via the connection portion SgcC with 
the pushing member 53, the connection portion SbcC 

10 can be kept flat, and the operation such as mounting of 
the driver IC can be perfonned easily. By performing op- 
eration such as positioning of the driver IC after pushing 
the connection portion SbcC by the pushing member 53, 
the shifting of position of the driver IC or others can be 

15 suppressed. 

[0587] The pushing member 53 Is provided with win- 
dows 531 for exposing the driver IC mounting region of 
the connection portion SbcC as shown in Fig. 28(C). The 
pushing member 53 is also provided with windows (re- 

20 cesses) 532 for exposing the junction substrate con- 
necting region of the connection portion SbcC. Thereby, 
pushing of the connection portion SbcC by the pushing 
member 53 does not impede the mounting of the driver 
IC and others- 

25 [0588] In the panel element overlaying step described 
before, the connection portions SbcC and SgcC of the 
same extending direction may be adhered by the adhe- 
sive 2 together with the overlap portions, as shown in 
Fig. 29, whereby the connection portion SbcC can be 

30 kept flat or plane even if the pushing member 53 is not 
employed. By operating the suction device 52 to effect 
the air-suction on the connection portion SgcC, the con- 
centration SbcC is also sucked toward the first surface 
51 1 so that the connection portion SbcC can be kept flat 

35 even in the case of Ds>Dp. Thereby, the operation such 
as mounting of the driver IC can be perfonned easily. 
[0589] After the mounting of the driver IC on the con- 
nection portion SbcC and/or after the connection of the 
junction substrate to the connection portion SbcC, the 

40 operation such as mounting of the driver IC may be ef- 
fected on the connection portion Sgc of the same ex- 
tending direction as the connection portion SbcC, using 
a holding jig 54 shown in Fig. 30. 
[0590] The holding jig 54 has a stepped portion, which 

45 is defined between first and second surfaces 541 and 
542, and has a height similar to the stepped portion 
height Ds of the holding jig 51 . 

[0591] The first surface 541 of the holding jig 54 car- 
ries the connection portion SgcC via the connection por- 
50 tion SbcC, on which mounting of the driver IC 82b and 
others are already effected. 

[0592] The first surface 541 is provided with a con- 
cave portion 5411 for fitting thereinto the driver IC 82b 
which is already mounted on the connection portion Sb- 
55 cC, and a concave portion 5412 for fitting the junction 
substrate 842b which is already connected to the con- 
nection portion SbcC. This structure facilitates the op- 
eration such as mounting of the driver IC on the connec- 
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tion portion SgcC. 

[0593] [20] For suppressing the breakage (cracking or 
the like) of the electrode on the panel elennent substrate 
when mounting the driver IC, the following nnay be em- 
ployed. 

[0594] [20-1] If an edge is present at the peripheral 
portion of the electrode connection surface of the bunnp 
BP of the driver !C 82b as shown in Fig. 31 (A), damages 
such as cracking are liable to occur on the electrode Ec, 
as shown in Fig. 31 (B). When pushing the driver IC 82b 
toward the substrate Sbc for mounting, the edge of the 
bump BP is liable to apply a local stress to the electrode 
and thus break the electrode. 

[0595] In view of this, the peripheral portion of the 
electrode connection surface BPs of the bump BP of the 
driver IC may be rounded as shown in Fig. 32(A), where- 
by the local stress applied to the electrode can be sup- 
pressed. Thereby, it is possible to mount the driver IC 
while suppressing the breakage of the electrode, as 
shown in Fig, 32(B). 

[0596] Naturally, the step of rounding the bump BP of 
the driver IC may be perfomned before mounting the 
driver IC. 

[0597] For example, chemical etching or mechanical 
polishing may be perfonned for rounding the bump BP. 
[0598] Naturally, the driver IC having the bump which 
is already rounded may be employed. 
[0599] [20-2] As shown in Fig. 33(A), the mounting of 
the driver IC may be performed with a pressure-bonding 
base member 6. which is arranged at the side opposite 
to the mounting surface of the substrate Sbr. 
[0600] The pressure-bonding base member 6 is pro- 
vided with raised portions 61 , which are located at po- 
sitions to be opposed to the bumps of the driver IC 81 b, 
respectively. The raised portion 61 can keep a balance 
in defonnation of the substrate Sbr between the mount- 
ing surface and the opposite surface when mounting the 
driver !C 81 b, as shown in Fig. 33(B). Thereby, breakage 
of the electrode on the substrate can be suppressed. 
[0601] As shown in Fig. 33(B), the outer periphery of 
the raised portion 61 may be smaller than the outer pe- 
riphery of the bump BP of the driver IC 81b, whereby 
the breakage of the electrode can be further sup- 
pressed. 

[0602] [20-3] As shown in Fig. 34, the electrode may 
be formed on the convex surface side of the resin film 
substrate Sbc. The convex surface of the resin film sub- 
strate Sbc is formed when the resin film substrate Sbc 
is curved by its curling property. Thereby, breakage of 
the electrode can be suppressed when mounting the 
driver IC. 

[0603] By fomning the electrode on the convex surface 
side of the substrate, a compression pressure is applied 
to the electrode (ITO electrode in this example) when 
the substrate is flat. Even if the electrode, pushed by the 
bump of the driver IC, deforms when mounting the driver 
IC onto the connection portion of the substrate, this de- 
formation acts to release or reduce the compression 



stress. Thereby, the breakage of the electrode can be 
suppressed. 

[0604] [21] The driver ICs may be mounted on the 
neighboring two connection portions of the same ex- 

5 tending direction, for example, such that the driver IC 
mounted on one of the connection portions overiap with 
the driver IC mounted on the other connection portion. 
[0605] This mounting of the driver ICs in the overiap- 
ping positions may be performed as follows. Referring 

10 to Figs. 35(A) to 35(C), description will be given on the 
manner of mounting the driver ICs on the connection 
portions SbcC and SgcC of the same extending direc- 
tion. 

[0606] First, the ACF 4 is provisionally adhered to the 
15 electrode on the connection portion SbcC, and the driver 
IC 82b is provisionally adhered thereto (see Fig. 35(A)). 
The provisional adhesion of the driver IC 82b may be 
perfonned by applying a heat and a pressure smaller 
than those applied for the complete or full adhesion. The 
20 provisional adhesion of the driver IC may be performed 
with a heat at about 80±10''C and a pressure of about 
1 M Pa for 5 seconds, although these values depend on 
the kind of used ACF. 

[0607] Then, the ACF 4 is provisionally adhered onto 
25 the electrode on the other connection portion SgcC, and 
the driver IC 82g is provisionally adhered thereto (see 
Fig. 35(B)). The provisional adhesion of the driver IC 
82g may be performed similarly to the above. 
[0608] After performing the provisional adhesion of 
30 the driver IC to each connection portion, the driver ICs 
82b and 82g on these connection portions are complete- 
ly adhered at the same time (see Fig. 35(C)). This com- 
plete adhesion is performed, for example, by applying 
a heat of about 150±10**C and a pressure of about 2 
35 MPa for 10 seconds. 

[0609] By the above manner, the driver ICs can be ef- 
ficiently mounted. 

[0610] [22] For mounting the driver ICs at the overlap- 
ping positions on the two extending port:ions of the same 

40 extending direction, the driver IC may be completely ad- 
hered to one of the connection portions (first complete 
adhesion), and thereafter the driver IC may be com- 
pletely adhered to the other connection portion (second 
complete adhesion), in which case the following disad- 

45 vantages sometimes arise. 

[0611] Since the two driver ICs are mounted at the 
overlapping positions, the heat and pressure applied for 
the second complete adhesion are sometimes applied 
to the driver IC and the ACF of the first complete adhe- 

50 sion. 

[0612] As a result, the pressure may be applied to the 
conductive particles of the ACF, which was used for the 
first complete adhesion, for an excessively long time so 
that the conductive particles may collapse. If the con- 
55 ductive particles collapse, electrical connection failure 
(conduction failure) is liable to occur 
[0613] Further, the heat applied for the second com- 
plete adhesion may change the state of the ACF be- 
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tween the substrate and the driver IC of the first com- 
plete adhesion sothat the position of the driver IC of the 
first connplete adhesion may change. 
[0614] In particular, the above disadvantage is liable 
to occur if the binder resin of the ACF is the thermoplas- 
tic resin. 

[0615] The above disadvantage can be prevented by 
simultaneously perfonning complete adhesion of the 
driver ICs at the overlapping positions, as already de- 
scribed in the above item [21]. 

[0616] [23] For precisely mounting the driver IC with 
the ACF. it is extremely preferable to keep precisely the 
parallelism between a pressure-bonding head and the 
pressure-bonding base member to be arranged on the 
side opposite to the mounting surface of the substrate 
connection portion. 

[0617] It may be difficult to keep the intended paral- 
lelism between the pressure-bonding head and the 
pressure-bonding base member if, as described in the 
foregoing item [21], the driver ICs are mounted at the 
overiapping positions on the two connection portions of 
the same extending direction. If the mounting of the driv- 
er IC is performed while the parallelism is not kept be- 
tween the pressure-bonding head and the pressure- 
bonding base member, conduction failure and/or elec- 
trode breakage are liable to occur. 
[0618] For suppressing the above disadvantages, the 
driver elements may be mounted at the positions, which 
do not overiap with each other, on the two extending por- 
tions of the same extending direction, as shown in Fig. 
36. 

[0619] In Fig. 36, the driver IC 82b mounted on the 
connection portion SbcC is disposed at the position not 
overlapping with the driver IC 82g on the connection por- 
tion SgcC extending in the same extending direction as 
the connection portion SbcC. Therefore, mounting of the 
driver IC on each connection portion can be performed 
without interposing the ACF and the driver IC which are 
already mounted, and each driver IC can be precisely 
mounted. 

[0620] For mounting the driver IC at the non-overiap- 
ping positions, the electrode patterns for the respective 
connection portions may be appropriately fomned for al- 
lowing such mounting. 

[0621] [24] The following disadvantage may occur if 
the mounting of the driver IC and the connection of the 
junction substrate are perfomried after forming each 
panel element and before overiaying the panel ele- 
ments. 

[0622] If the driver IC and/or thejunction substrate are 
mounted or connected before overlaying the panel ele- 
ments, it is difficult to overiay the panel elements while 
unifonnly curving the panel element as shown in Fig. 1 8. 
In this case, bubbles are liable to remain between the 
panel elements, resulting in deterioration of the display 
quality. 

[0623] If performing mounting of the driver IC and con- 
necting of the Junction substrate after the overlaying 



step, the driver IC and thejunction substrate are not con- 
nected to each panel element during the overiaying of 
the panel elements so that the panel elements can be 
adhered while uniformly curving the panel element. 
5 Thereby, the panel elements can be overlaid while sup- 
pressing remaining of bubbles between the panel ele- 
ments as already described. 

[0624] [25] In the multi-layer LCD panel DPI shown in 
Fig. 6, mounting of the driver ICs to the respective con- 
10 nection portions and the connection of the junction sub- 
strates to the respective connection portions may be 
performed in any order. 

[0625] The step of folding the junction substrate to- 
ward the back side of the multi-layer display panel may 

15 be performed, e.g., after the mounting of the driver IC 
and the connection of the junction substrate. The junc- 
tion substrate may be folded toward the back side every 
time the junction substrate is connected. 
[0626] [26] In the multi-layer LCD panel DP4 shown 

20 in Fig. 11 , the connection of the driver IC carrier sub- 
strate to the panel element substrate may be perfomried 
similarly to the connection of the junction substrate de- 
scribed above. 

[0627] Although the present invention has been de- 
25 scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and exannple only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 

30 

Claims 

1 . A multi-layer display panel comprising: 

35 

first, second and third panel elements layered 
together, wherein 

each of the first, second and third panel ele- 
ments has first and second substrates opposed 

40 to each other; 

a column electrode is fomried on an electrode 
formation surface of the first substrate of each 
of the first, second and third panel elements, 
the electrode formation surface of the first sub- 

45 strate of the panel element being opposed to 

the second substrate of the same panel ele- 
ment; 

a row electrode is formed on an electrode for- 
mation surface of the second substrate of each 

50 of the first, second and third panel elements, 

the electrode formation surface of the second 
substrate of the panel element being opposed 
to the first substrate of the same panel element; 
the first substrate of each of the first, second 

55 and third panel elements has an overiap portion 

overiapping with the other five substrates, and 
a connection portion extending from the over- 
lap portion and used for connecting the column 
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electrode on the first substrate to a driver ele- 
ment; 

the second substrate of each of the first, second 
and third panel elements has an overlap portion 
overlapping with the other five substrates, and 5 
a connection portion extending from the over- 
lap portion and used for connecting the row 
electrode on the second substrate to a driver 
element; 

the first, second and third panel elements are io 
overlaid together to locate 

the first substrate of the first panel element, 
the second substrate of the first panel ele- 
ment, 

the second substrate of the second panel 
element, 

the first substrate of the second panel ele- 
ment, 

the first substrate of the third panel element 
and 

the second substrate of the third panel el- 
ement in this order; 

an extending direction of the connection portion 25 
of the second substrate of the first panel ele- 
ment is same as an extending direction of the 
connection portion of the second substrate of 
the second panel element, with respect to a 
center defined by a lap-over portion where the 30 
first, second and third panel elements are over- 
lapping to each other; 

an extending direction of the connection portion 
of the first substrate of the second panel ele- 
ment is same as an extending direction of the ^5 
connection portion of the first substrate of the 
third panel element, with respect to the center 
defined by the lap-over portion; 
with respect to the center defined by the lap- 
over portion, 

an extending direction of the connection 
portion of the first substrate of the first pan- 
el element, 

the extending direction of the connection 45 
portion of the second substrate of the first 
panel element, 

the extending direction of the connection 
portion of the first substrate of the second 
panel element and 

an extending direction of the connection 
portion of the second substrate of the third 
panel element are angularly shifted in this 
order by 90 degrees. 

55 

2. A multi-layer display panel comprising: 

first and second panel elements layered togeth- 



er, wherein 

each of the first and second panel elements has 
first and second substrates opposed to each 
other; 

a column electrode is fonned on an electrode 
formation surface of the first substrate of each 
of the first and second panel elements, the elec- 
trode formation surface of the first substrate of 
the panel element being opposed to the second 
substrate of the same panel element; 
a row electrode is formed on an electrode for- 
mation surface of the second substrate of each 
of the first and second panel elements, the elec- 
trode fomnation surface of the second substrate 
of the panel element being opposed to the first 
substrate of the same panel element; 
the first substrate of each of the first and second 
panel elements has an overlap portion overlap- 
ping with the other three substrates, and a con- 
nection portion extending from the overlap por- 
tion and used for connecting the column elec- 
trode on the first substrate to a driver element; 
the second substrate of each of the first and 
second panel elements has an overlap portion 
overlapping with the other three substrates, 
and a connection portion extending from the 
overlap portion and used for connecting the row 
electrode on the second substrate to a driver 
element; 

each of the substrate, arranged at inner side, 
of the first panel element and the substrate, ar- 
ranged at inner side, of the second panel ele- 
ment is the first substrate provided with the col- 
umn electrode, or is the second substrate pro- 
vided with the row electrode; 
an extending direction of the connection portion 
of the substrate, arranged at inner side, of the 
first panel element is same as an extending di- 
rection of the connection portion of the sub- 
strate, arranged at inner side, of the second 
panel element, with respect to a center defined 
by a lap-over portion where the first and second 
panel elements are overlapping to each other; 
and 

with respect to the center defined by the lap- 
over portion, 

an extending direction of the connection 
portion of the substrate, arranged at outer 
side, of the first panel element, 
the extending direction of the connection 
portion of the substrate, arranged at inner 
side, of the first panel element, and 
an extending direction of the connection 
portion of the substrate, arranged at outer 
side, of the second panel element are an- 
gularly shifted in this order by 90 degrees. 
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3. A multj-layer display panel comprising: 

first and second panel elements layered togeth- 
er, wherein 

each of the first and second panel elements has 
first and second substrates opposed to each 
other; 

a column electrode is formed on an electrode 
fonnation surface of the first substrate of each 
of the firstand second panel elements, the elec- 
trode formation surface of the first substrate of 
the panel element being opposed to the second 
substrate of the same panel element; 
a row electrode is formed on an electrode for- 
mation surface of the second substrate of each 
of the first and second panel elements, the elec- 
trode formation surface of the second substrate 
of the panel element being opposed to the first 
substrate of the same panel element; 
the first substrate of each of the first and second 
panel elements has an overlap portion overlap- 
ping with the other three substrates, and a con- 
nection portion extending from the overlap por- 
tion and used for connecting the column elec- 
trode on the first substrate to a driver element; 
the second substrate of each of the first and 
second panel elements has an overlap portion 
overlapping with the other three substrates, 
and a connection portion extending from the 
overlap portion and used for connecting the row 
electrode on the second substrate to a driver 
element; and 

with respect to a center defined by a lap -over 
portion where the first and second panel ele- 
ments are overlapping to each other, 

an extending direction of the connection 
portion of the first substrate of the first pan- 
el element, 

an extending direction of the connection 
portion of the second substrate of the first 
panel element, 

an extending direction of the connection 
portion of the first substrate of the second 
panel element and 

an extending direction of the connection 
portion of the second substrate of the sec- 
ond panel element are angularly shifted by 
90 degrees in a predetennined order. 

4. The multi-layer display panel according to any one 
of claims 1 to 3, wherein 

at least a portion of the electrode formation 
surface of the connection portion of each of the first 
and second substrates of each of the panel ele- 
ments is exposed. 

5. The multi-layer display panel according to claim 1 



or 2, wherein 

the connection portions, extending In the 
same extending direction, of the neighboring two 
substrates of the neighboring two panel elements 
5 have same width in the extending direction thereof. 

6. The multi-layer display panel according to any one 
of claims 1 to 5, wherein 

at least the overlap portions of the neighbor- 
10 . , ing two substrates of the neighboring two panel ei- 
ements are adhered together. 

7. The multi-layer display panel according to claim 1 
or 2, wherein 

15 

the overlap portions of the neighboring twosub- 
strates of the neighboring two panel elements 
are adhered together, and 
the connection portions, extending in the same 
20 extending direction, of the neighboring two sub- 

strates of the neighboring two panel elements 
are adhered together 

8. The multi-layer display panel according to any one 
^5 of claims 1 to 7, wherein 

the first substrate is a resin film substrate hav- 
ing a curling property, and the column electrode 
is formed on a convex surface side of the resin 

30 film substrate as the first substrate, the convex 

surface side of the resin film substrate as the 
first substrate being formed when the resin film 
substrate as the first substrate is curved by the 
curling property; and 

35 the second substrate is a resin film substrate 

having a curl ing property, and the row electrode 
is formed on a convex surface side of the resin 
film substrate as the second substrate, the con- 
vex surface side of the resin film substrate as 

40 the second substrate being fomned when the 

resin film substrate as the second substrate is 
curved by the curling property 

9. The multi-layer display panel according to any one 
45 of claims 1 to 8, wherein 

the driver element is mounted on the connec- 
tion portion of at least one of the substrates, respec- 
tively. 

50 10. The multi-layer display panel according to claim 1 
or 2, wherein 

the driver element is mounted on each of the 
connection portions, extending in the same ex- 
55 tending direction, of the neighboring two sub- 

strates of the neighboring two panel elements, 
and 

the driver element mounted on one of the con- 
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nection portions, extending in the same extend- 
ing direction, of the neighboring two substrates 
of the neighboring two panel elements Is locat- 
ed in a position not overlapping with the driver 
element mounted on the other connection por- 
tion. 

11. The multi-layer display panel according to claim 1 
or 2, wherein 

the driver element is mounted on each of the 
connection portions, extending in the same ex- 
tending direction, of the neighboring two sub- 
strates of the neighboring two panel elements, 
and 

the driver element mounted on one of the con- 
nection portions, extending in the same extend- 
ing direction, of the neighboring two substrates 
of the neighboring two panel elements is locat- 
ed in a position overlapping with the driver ele- 
ment mounted on the other connection portion. 

12. The multi-layer display panel according to any one 
of claims 1 to 11 , wherein 

a junction substrate is connected to the con- 
nection portion of at least one of the substrates of 
at least one of the panel elements for connecting 
the driver element to a control portion of a driver 
device, respectively. 

1 3. The multi-layer display panel according to claim 1 2, 
wherein 

the junction substrate is a flexible substrate, 
and is folded toward a back side, opposite to an ob- 
servation side, of the multi-layer display panel. 

14. The multi-layer display panel according to any one 
of claims 1 to 8, wherein 

a driver element carrier substrate carrying the 
driver element is connected to the connection por- 
tion of at least one of the substrates of at least one 
of the panel elements, respectively. 

15. The multi-layer display panel according to claim 14, 
wherein 

the driver element carrier substrate is a flexi- 
ble substrate, and is folded toward a back side, op- 
posite to an observation side, of the multi-layer dis- 
play panel. 

16. A method of manufacturing a multi-layer display 
panel, comprising: 

a preparing step of preparing a layered body 
including a plurality of panel elements layered 
together, 

each of the panel elements of the layered 



body prepared In the preparing step being 
including 

a display region portion and 
5 at least one connection portion ex- 

tending from the display region portion 
and having an external connection 
electrode formation surface provided 
with an external connection electrode, 

10 

the display region portions of the respec- 
tive panel elements being overlapping with 
each other in the layered body prepared in 
the preparing step, 

15 the external connection electrode forma- 

tion surface of the connection portion of 
each panel element not being hidden by 
any the other connection portion in the lay- 
ered body prepared in the preparing step; 

20 and 

a connecting step of connecting a wiring sub- 
strate provided with an electrode to the connec- 
tion portion of each of the panel elements, re- 
25 spectively, for connecting the electrode of the 

wiring substrate to the external connection 
electrode of the connection portion of the panel 
element, the connecting step being performed 
after the preparing step. 

30 

17. The method of manufacturing the multi-layer dis- 
play panel according to claim 16, wherein 

the connecting step includes: 

35 a holding step of holding at least one of the con- 

nection portions from a back side, opposite to 
the external connection electrode formation 
surface, of the connection portion; and 
a step of pushing the wiring substrate toward 

40 the held connection portion. 

18. The method of manufacturing the multi-layer dis- 
play panel according to claim 17. wherein 

holding of the connection portion in the hold- 
45 ing step of the connecting step is perfonmed by 
sucking the back side of the connection portion to- 
ward a holding member. 

19. The method of manufacturing the multi-layer dis- 
50 play panel according to any one of claims 1 6 to 18, 

wherein 

the connecting step includes: 

a step of performing positioning between the 
55 external connection electrode of the connection 

portion and the electrode of the wiring substrate 
by adjusting a positional relationship between 
a mark formed on the connection portion and a 



47 

NSDOCID: <EP 1139156A2J_> 



93 



EP 1 139 156 A2 



94 



mark formed on the wiring substrate; and 
a step of connecting the external connection 
electrode of the positioned connection portion 
to the electrode of the positioned wiring sub- 
strate. 

20. The nnethod of manufacturing the multi-layer dis- 
play panel according to any one of claims 1 6 to 1 9, 
wherein 

^theiglectr.ojde^of^thpvwjrir^^^ 



nected to the external connection electrode of the 
connection portion of the panel element with an an- 
isotropic conductive film in the connecting step. 

21. The method of manufacturing the multi-layer dis- 
play panel according to any one of claims 1 6 to 20, 
further comprising: 

an attaching step performed after the prepar- 
ing step for attaching a driver IC to the external con- 
nection electrode of the connection portion of each 
of the panel elements, respectively. 

22. The method of manufacturing the multi-layer dis- 
play panel according to claim 21 , wherein 

the attaching step includes: 

a holding step of holding at least one of the con- 
nection portions from a back side, opposite to 
the extemal connection electrode formation 
surface, of the connection portion; and 
a step of pushing the driver IC toward the held 
connection portion. 

23. The method of manufacturing the multi-layer dis- 
play panel according to claim 22, wherein 

holding of the connection portion in the hold- 
ing step of the attaching step is perfonned by suck- 
ing the back side of the connection portion toward 
a holding member. 

24. The method of manufacturing the multi-layer dis- 
play panel according to any one of claims 21 to 23, 
wherein 

the attaching step Includes: 

a step of performing positioning between the 
external connection electrode of the connection 
portion and the driver IC by adjusting a posi- 
tional relationship between a mark formed on 
the connection portion and a mark formed on 
the driver IC; and 

a step of attaching the positioned the driver IC 
to the external connection electrode of the po- 
sitioned connection portion. 

25. The method of manufacturing the multi-layer dis- 
play panel according to any one of claims 21 to 24, 
wherein ' - 



the driver IC is attached to the external con- 
nection electrode of the connection portion of the 
panel element with an anisotropic conductive film in 
the attaching step. 

5 

26. A method of manufacturing a multi-layer display 
panel including a plurality of panel elements layered 
together, comprising: 

^ „ „, „a ^ Dane.Le.leme nt J.ormi tjo^step. .of .f.o rmin q_each. 



of the panel elements using a first substrate 
provided with a column electrode at an elec- 
trode formation surface and a second substrate 
provided with a row electrode at an electrode 
?5 formation surface; 

an overlaying step of overlaying the panel ele- 
ments formed in the panel element forming 
step; and 

an after cut step of removing at least one un- 
20 necessary portion from each of the first and 

second substrates of each of the overiaid panel 
elements, wherein 

in the panel element fomning step, as each of 
the first substrates, a substrate having an ever- 
ts lap portion finally overfapping with the other 
substrates, and four extending portions extend- 
ing from the overiap portion in four directions 
angularly shifted by 90 degrees is used for 
forming the panel element, 
30 in the panel element fomning step, as each of 
the second substrates, a substrate having an 
overiap portion finally overiapping with the oth- 
er substrates, and four extending portions ex- 
tending from the overiap portion in four direc- 
ts tions angulariy shifted by 90 degrees is used 
for forming the panel element, 
the after cut step is executed to remove at least 
one extending portion, as the unnecessary por- 
tion, among the four extending portions of the 
40 first substrate except for the extending portion 
to be used as a connection portion used forcon- 
necting the column electrode on the first sub- 
strate to a driver element, and 
the after cut step is also executed to remove at 
45 least one extending portion, as the unneces- 
sary portion, among the four extending portions 
of the second substrate except for the extend- 
ing portion to be used as a connection portion 
used for connecting the row electrode on the 
50 second substrate to a driver element. 

27. The method of manufacturing the multi-layer dis- 
play panel according to claim 26, wherein 

55 the overiaying step is executed to overiay the 

two or three panel elements, each formed in the 
panel element forming step, together, and 
the^^after cut -step \s executed, to expose the 
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etectrode formation surface of the connection 
portion of each the substrate of each the panel 
element. 

28. The method of manufacturing the multi-layer dis- 
play panel according to claim 26 or 27, further com- 
prising: 

a half cut step, perfomned before the after cut 
step, for effecting a half cut along a boundary be- 
tween a portion, to be removed in the after cut step, 
of the substrate and a portion, to be left in the after 
cut step, of the substrate. 

29. The method of manufacturing the multi-layer dis- 
play panel according to claim 28, wherein 

the half cut step is performed before the over- 
laying step. 

30. The method of manufacturing the multi-layer dis- 
play panel according to claim 28 or 29, wherein 

the half cut in the half cut step is effected on 
an exposure surface, to be exposed, of the sub- 
strate. 

31. The method of manufacturing the multi-layer dis- 
play panel according to any one of claims 26 to 30, 
wherein 

each of the first substrates used in the panel 
element forming step is configured such that 
the extending portion, spaced from the extend- 
ing portion used as the connection portion with 
the overlap portion therebetween, can be also 
utilized as a connection portion used for con- 
necting the column electrode on the first sub- 
strate to a driver element, and 
each of the second substrates used in the panel 
element forming step is configured such that 
the extending portion, spaced from the extend- 
ing portion used as the connection portion with 
the overlap portion therebetween, can be also 
utilized as a connection portion for connecting 
the row electrode on the second substrate to a 
driver element. 

32. The method of manufacturing the muiti-layer dis- 
play panel according to claim 31 , wherein 

all the first and second substrates used in the 
panel element forming step are rectangular and 
have same sizes. 

33. The method of manufacturing the multi-layer dis- 
play panel according to claim 32, wherein 

all the first substrates used in the panel element 
fomning step are provided with the column elec- 
trodes of same pattern, and 
all the second substrates used in the panel el- 



ement forming step are provided with the row 
electrodes of same pattern. 

34. The method of manufacturing the multi-layer dis- 
5 play panel according to any one of claims 26 to 33, 

further comprising: 

a mounting step of mounting the driver ele- 
ment onto the connection portion of the substrate 
for connecting the driver element to the electrode 
10 on the substrate. 

35. The method of manufacturing the multi-layer dis- 
play panel according to claim 34, wherein 

the mounting step is performed after the over- 
15 laying step. 

36. The method of manufacturing the multi-layer dis- 
play panel according to any one of claims 26 to 35, 
further comprising: 

20 a junction substrate connecting step of con- 

necting a junction substrate to the connection por- 
tion of the substrate for connecting the driver ele- 
ment to a control portion of a driver device. 

25 37. The method of manufacturing the multi-layer dis- 
play panel according to claim 36, wherein 

the junction substrate connecting step is per- 
formed after the overlaying step. 

30 38. The method of manufacturing the multi-layer dis- 
play panel according to any one of claims 26 to 33, 
further comprising: 

a driver element carrier substrate connecting 
step of connecting a driver element carrier sub- 

35 strate carrying the driver element to the connection 
portion of the substrate of the panel element. 

39. The method of manufacturing the multi-layer dis- 
play panel according to claim 38, wherein 

40 the driver element carrier substrate connect- 

ing step is performed after the overlaying step. 

40. A holding device for holding a multi-layer display 
panel including a plurality of panel elements layered 

45 together, 

each of the panel elements having a pair of sub- 
strates, 

the multi-layer display panel having a lap-over 
50 portion where the panel elements are overlap- 

ping to each other and a projected portion, pro- 
jected from the lap-over portion, of the sub- 
strate of the panel element, 
the holding device used when mounting a driver 
55 element onto the projected portion of the sub- 

strate of the panel element or when connecting 
a third substrate to the projected portion of the 
substrate of the panel element, 
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the holding device co mprising: 

a holding jig having a first surface for laying 
the projected portion of the substrate of the 
panel elennent thereon, a second surface 
for laying the lap-over portion of the nnulti- 
layer display panel thereon, and a stepped 
portion formed between the first and sec- 
ond surfaces; wherein 
. . • the^te[D|;;t<§<d^R^^iJ 

or larger than a nnaxtnnum height, including 
a nnanufacturing error of the nnulti-layer dis- 
play panel, between a surface, directly laid 
on the first surface of the holding jig, of the 
nnulti-layer display panel and a surface, di- 
rectly laid on the second surface of the 
holding jig, of the multi-layer display panel. 

41. The holding device according to claim 40, further 
comprising: 

an suction device for sucking the surface, di- 
rectly laid on the first surface of the holding jig, of 
the multi-layer display panel toward the first surface 
of the holding jig. 

42. The holding device according to claim 40 or 41 , fur- 
ther comprising: 

a pushing member for pushing the projected 
portion, to be laid on the first surface of the holding 
jig, of the substrate toward the first surface of the 
holding jig. 

43. The holding device according to claim 42, wherein 

the pushing member is provided with a win- 
dow for exposing a driver element mounting region, 
onto which the driver element is to be mounted, of 
the projected portion of the substrate of the panel 
element to be laid on the first surface of the holding 
jig- 

44. The holding device according to claim 42 or 43, 
wherein 

the pushing member is provided with a win- 
dow for exposing a connection region, to which the 
third substrate is to be connected, of the projected 
portion of the substrate of the panel element to be 
laid on the first surface of the holding jig. 
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20 



25 



30 



raised portjon in _a posjtion to be opposed to the 
bump of the driver element. 

46. The pressure-bonding jig according to claim 45, 
wherein . . . 

an outer periphery of the raised portion of the 
pressure-bonding base member is smaller than an 
outer periphery of the bump of the driver element. 

: ,47. A methpd of^mountiQg dr:i>^e^^ 

ping positions on two substrate surfaces, respec- 
tively, comprising: 

a provisional adhering step of provisionally ad- 
hering at least one of the driver elements to the 
substrate surface; and 

a complete adhering step of simultaneously 
and completely adhering the two driver ele- 
ments to the substrate surfaces. 

48. The driver element mounting method according to 
claim 47, wherein 

each of the provisional adhering step and the 
full adhering step is performed by disposing an 
anisotropic conductive adhesive between the 
driver element and the substrate surface, and 
applying a heat and a pressure to the anisotrop- 
ic conductive adhesive, and 
the heat and the pressure applied in the provi- 
sional adhering step are smaller than the heat 
and the pressure applied in the complete ad- 
hering step. 



35 



40 



45. A pressure-bonding jig to be used for mounting a 
driver element having a bump onto a substrate, 
comprising: 



50, 



a pressure-bonding base member to be dis- 
posed at a back side of the substrate, the back 
side being opposite to a side, onto which the 
driver element is to be mounted, of the sub- 
strate, wherein 

the pressure-bonding base member has a 
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